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the vital 
in BBC television equipment 


In applications where the highest degree of reliability is demanded BICC 
Polypole Couplers are the first choice. BICC design and manufacture Polypole 
Coupler Systems to meet specific requirements. These systems, incorporating 
flexible multi-core cables terminated with robust moulded-on couplers, are 
particularly suitable for electronic control equipment in industry. Further 
information is freely available. Write for Publication TD TPC 5 


British Insulated Callender’s Cables Limited 21 Bloomsbury Street, London W.C.1 


ELECTRONIC ENGINEERING ii APRIL 196] 





Vol. 33 No. 398 


asi Electronic Engineering 


Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD 





Managing Editor: H. G. FOSTER, M.Sc., M.LE.E., M.Brit.1.R.E. 


CONTENTS 


Commentary 
An Analogue Computer for Aerial Radiation Patterns 


by H. Page, G. J. Phillips and J. A. S. Fox 
A High Speed D.C.-A.C. Servo Drive Unit 


by B. A. Unvala and B. T. Denvir 
Radio Guided Tours for the Science Museum 
Long-Distance Waveguide Transmission (Part 1) 

by R. Hamer 

A Machine Tool Control System 
The Choice and Design of D.C. Convertors 
Secondary Surveillance Radar 
Television Installation at a Car Factory 


Cold-Cathode Tube Circuits for Automation (Part 2) 


by J. S. Bell and P. G. Wright 


by R. S. Sidorowicz 


A Linear to Logarithmic Convertor Unit for Use with a Linear Counting Ratemeter 
by J. Turnbull and D. N. Walder 


Precise Frequency Control for a Rotary Convertor 
by M. J. Tucker 


A New D.C. Level Control for Adaptive Systems 
by R. A. Johnson and J. D. Hill 


Book Reviews 
Letters to the Editor 
Short News Items 
Electronic Equipment 
Meetings this Month 
Publications Received 


FRANCAIS Equipement Electronique 
Résumés des Principaux Articles 


DEUTSCH Elektronische Gerate 
Zusammenfassung der wichtigsten Beitraige 





CLASSIFIED ADVERTISEMENTS page 204 INDEX TO ADVERTISERS page 219 


PUBLISHED MONTHLY on the last Friday of the preceding month by: 
MORGAN BROTHERS (PUBLISHERS) LIMITED 
at 28, Essex Street, Strand, London, W.C.2. 


Telephone: CENtral 6565 Telegrams: ‘Lectroning, Estrand, London’ 
Annual Subscription: Home and Overseas £1.16.0 post free, Canada and U.S.A. $5. 


APRIL 1961 (a) (8) ELECTRONIC ENGINEERING 





EE 32 006 for further details 


New servo rebalance 


indicator/recorders offer 
high performance at low cost 


Availabie in 10” circular chart and 10’ wide 
strip chart versions with 1 second full scale 
traverse and common mechanisms of simple 
rugged design providing a performance 
comparable with many more expensive 
instruments. 


Both circular and strip chart versions are available with a wide 
range of measuring elements of all types—for temperature, 
pressure, flow, mechanical force, linear displacement. A special 
feature is the wide range of electrical measurements for which 
the instruments cater. A three-term control unit and associated 
electro-pneumatic valve positioner together with a compre- 
hensive range of pneumatically operated valves are also offered 
in the form of completely integrated schemes. 




















1 Simplified pen drive mechanism & Hinge-out construction for ease of access 
2 Ease of access for connections 6 Dust-sealed cover 
3 Rugged steel case 7 Clear easy-to-read scale 
4 Replaceable control units for required characteristics © Hinge forward paper feed mechanism 
9 Large diameter indicator scale 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


1.0.1. RUGELEY * STAFFORDSHIRE + ENGLAND PA metal industries Group 
Manufacturers of the worid's widest range of industrial electronic contro! equipment 
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What do you want from a resistor? 


You want guaranteed reliability, accuracy, 
TL Ee stability 


Alma resistors are checked for quality at every stage in their 
manufacture. All wire is measured for Temperature Coefficient 
before its entry into stores thus maintaining a guaranteed 
standard and enabling Alma to offer resistors with matched 
temperature coefficients to within very close limits. Long term 
stability tests are carried out on samples taken from normal 
production and are periodically measured in a temperature 
controlled room on a six decade bridge in conjunction with 
Resistance Standards. 


You want guaranteed delivery 


rr Bs Tak 





Alma guarantee delivery of resistors made against a specific 
order in 3/4 weeks for small orders and 7/8 weeks for larger ones. 
As a precaution against failure in final inspection, Alma manu- 
facture “‘overs’’, but as a result of the low reject rate, a large 
stock of such resistors has been accumulated. The value 
you require may be in stock. Write or phone our London 
Sales Office. 


Alma precision wirewound resistors 
are what you want 


London Sales Office: 551 Holloway Road, London, N.19 Telephone: Archway 0014/5 
Factory: Park Road, Diss, Norfolk. Telephone: Diss 2288 
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specify 
HASSETT & HARPER 
CABINETS 


In these Hassett & Harper Cabinets and Consoles, 
Saunders-Roe housed specialised equipment for 
testing and firing the all-British Black Knight 
Research rocket. 

Saunders-Roe Limited are just one of our customers 
who appreciate the lively interest which our 
engineers display in every job they do. 

From the initial construction stage, through pilot 
development work, to the completion of a precision 
engineered job delivered on time, we operate with a 
dual ideal in mind: to give the customer what he 
needs and to maintain Hassett & Harper standards at 
their consistently high level. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. . 

You should have details on file. May we supply 
literature ? 





REGENT PLACE . BIRMINGHAM 1 
Telephone : CENtral 6418 





R.E.C.M.F. Exhibition 
Olympia 
Stand No. 408 











wes: 
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INVESTIGATIONS ON 


VIBRATION DAMPING 


AND HIGH POLYMERE PLASTIC MATERIALS 


can now be conveniently carried out by means of 
the Complex Modulus Apparatus Type 3930 and 
Recorder Type 3324. 


The instrumentation consists of a test jig in which a 
sample of the material should be mounted, and the asso- 
ciated electronic measuring equipment. 


By electro-magnetically exiting the sample into mechani- 
cal vibration and recording its vibration/frequency res- 
ponse automatically on a level recorder the complex 

soreecesesesecs, modulus of elasticity and the damping factor of the 
JUNE 19-23 sample material is found 


h The apparatus is designed for use over a very 

great temperature range from extremely low 

— temperatures to about 250 ° C (480 ° F), which 

ee is of special importance for measurements on 
high polymere plastic materials. 


Poteeeereseseoosees 


To illustrate its use with regard to vibration damping 
materials two plots of the same resonance are shown 
below, giving the characteristics of a stee! bar before 
and after applying a mastic deadener. 
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Adr.: NAARUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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ENGINEERING 
Marine Welding & Nuclear Energy 
EXHIBITION 
OLYMPIA - LONDON 
APRIL 20 — MAY 4 1961 


Stand No. |! - Row DD 
Ist Floor . Empire Hall 








ROCOL LIMITED Dept.G 

GENERAL BUILDINGS ‘ ALDWYCH ‘ LONDON wW.c.2 ’ TEL: HOLborn 1985 

ROCOL HOUSE “* SWILLINGTON * NEAR LEEDS * TEL: Garforth 2261 
7864 
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Moisture costs money as it slows down production 
and causes deterioration in quality of electronic 
components. 

Birlec Direct Dehumidifiers — simple, reliable 

and economical—are already maintaining very low 
humidities for the manufacture of transistors, 


computors, radar sets, cathode ray tubes, etc. 
Birlec Adsorption Dryer at the AEI Heavy Plant Division, Rugby, drying 
compressed air for dry boxes in which are a embled germanium powder, semt- 
conductor, rectifier cells. 


AEI-Birlec Limited 


Tyburn Road- Erdington: Birmingham 24 
Telephone: East 1544 


Telex No: 33477 
$M/B6230 LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
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Workshop angle 
and D.O. viewpoint 


Now that machining costs are so high, the 
legibility of working drawings has become of 
supreme importance. ILFORD Azoflex 
photoprinting papers give maximum legibility 
combined with speed of production and long life 
in normal storage and use. That is the workshop 
angle combined with the viewpoints of the 
drawing stores and D.O. 


More specifically, the D.O. is interested in the 
Azoflex dyeline process because no ducting or 
darkrooms are necessary ; the process is dry, there 
are no fumes or excessive heat generated. 


A PPE RRC RAD RES CNBR Nr 


An economical and time-saving feature is that the 
correctness of exposure/machine speed can be 
gauged and adjusted immediately, even in the 
largest Azoflex models, because the Azoflex copy 
emerges fully processed in seconds and within 
view and easy reach of the operator. 
Inexperienced staff quickly grasp the simple 
details of Azoflex machine operation. 


Photograph by courtesy of Duraglass Limited 


Your company might benefit .. . 
Many business ¢ 1d industrial concerns find that it pays 
Zz © CX to hire certain AZOFLEX machines — rather than buy 


them outright. Enquiries will be treated with the utmost 
discretion, and will not commit you in any way. 





Photoprinting Papers and Machines 
ILFORD LIMITED * INDUSTRIAL SALES DEPARTMENT AZ22G - ILFORD + ESSEX 
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PRECISION WIREWOUND RESISTORS 


'y RIVLIN 


STANDARD jw to 3w; 0-12 to 3MQ. To tolerances up to + 01% 
of nominal value or 0:01 whichever is greater. Terminals, solder 
lugs or wire leads Epoxy resin encapsulated. 


PLUG IN $w (other ratings to order); 500 to 200kQ. To 
tolerances up to + 0°1% of nominal value. Fitted gold plated phosphor 
bronze pins to fit Electro-Method D.2. socket (other spacing to order). 
Tough resin encapsulated. 


PRINTED CIRCUIT 4w (other ratings to order); 50Q to 200kQ, 
To tolerances up to + 0-1% of nominal value. Fitted silver 
finished phosphor bronze pins to standard Printed Circuit 
Module. Tough resin encapsulated. 


deo 


Above are but three types of high precision 
resistors from the comprehensive Rivlin range. 
Whatever your resistor requirement ‘standard’ 


or ‘to-specification’—it is sound judgment to ask 
Rivlin first—the high-precision resistor 
specialists. 
RIVLIN INSTRUMENTS LIMITED 
¥ DOMAN ROAD ° CAMBERLEY * SURREY ° Tel: CAMBERLEY 2507/8 * Grams: RIVELECTRON, CAMBERLEY 
LONDON OFFICE. Tel: SWISS COTTAGE 3038 
GD 201 
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STEPLESS 
POWER 
CONTROL 


FOR A MULTITUDE OF APPLICATIONS 
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Savage Transductors provide a simple, trouble- 
free, highly economical method of controlling 
large blocks of electrical power in countless 
applications. Outstanding features of the circuit 
for which these instruments are designed are: 
high power gain, no bias circuits, relatively 
linear response, no tendency to trigger and “‘fail 
safe” operation (output at minimum with no 
input signal). 

They are available in sizes covering from one to 
fifty KVA (one hundred and fifty KVA on 
three-phase). 

Massicore transductors can be successfully 
employed in such diverse requirements as light 
control in colour photography, positional control 
of T.V. cameras, plating processes, cathodic pro- 
tection of ships’ hulls, heat control in furnaces 
and probably your control problem — please 
send us full details. 


If you have a control problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 


Tel: Devizes 932 
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ACCENT ON ACCURACY This new read-out system brings greatly 
...AND SPEED increased speed to what has always been the 


slowest stage in computor operation. With the 
Model 28 Page Printer it is possible, by using 
code combinations, to perform local and remote 
functions without sacrificing a single character 


code combination. 


UNIQUE DIRECT READER FOR GOMPUTORS AT A MODERATE COST 


APRIL 


1961 
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ASK NRO RAG RO NON 


This advance in computor technique is due to 
the versatile Function Box—superseding the 
traditional sequential selector—which provides 
for 32 functions over and above those required 
for usual purposes. These additional functions 
can be used to initiate actions within the 
machine, such as automatic tabulation, or to 
control remote operation of reperforators, 


lights, bells, motors, ete. 


No larger than an electric typewriter and with 
interchangeable typing heads, the Model 28 
Page Printer requires little or no maintenance. 
Send for full details to: 


Company Limited 


COLES GREEN ROAD LONDON NW2 TELEPHONE GLADSTONE 5401/8 
The Westrex Company Limited is a Division of Litton Industries 
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in 
the 


' beginning 


Man first measured distance imprecisely, by reference to 

himself: a foot, a hand, a stride. Today, we not only measure space 

— and time —with extreme accuracy, we also measure and 

record things that not so long ago would have been incomprehensible. 
Some part of our ability to do this is due to Philips, who develop and 


perfect electronic measuring equipment that is extremely accurate, 

PHILIPS H.F. Oscilloscope 
with DIFFERENTIAL INPUT 
and control, accuracy means... Type GM 5603 


and reliably consistent. Today, in many fields of research 


VERTICAL AMPLIFIER 


D.C.—15Mc/s— 3dB 
PHILIPS * 50mV/cm—5V/cm + 3% 
4 Rise time 25 mus 
; a: Signal delay 0:3us 
‘ TIME BASE 


ELECTRONIC * qecuey 1 oe cm 
‘ ; Tri od, INT. + ¢ -, 
MEASURING EQUIPMENT @e8 rrigmered, INT. + an 


. CRT 
Sole distributors in U.K.: ae a 13 cms 10 kV 


RESEARCH & CONTROL INSTRUMENTS LTD eC eae tiniveate anguiviss gheses divest to 


, >¢ manufacturers :N. V. PHILIPS, 
Instrument House, 207 King’s Cross Road, London, W.C.1. Terminus 2877 EINDHOVEN, THE NETHERLANDS 
(RCL0038) 
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special industrial quality 


HIGHER VOLTAGES 
HIGHER CURRENTS 
HIGHER POWERS 
HIGHER GAINS 


NKT 400 POWER TRANSISTORS 
listed below all have cold weld closure for 
reliability and industry standard TQ3 outline 
THE NKT 400 POWER RANGE includes units 
NKT 401 24V High Power D.C. Con- with these characteristics : 


verter Transistor (6A Voltage Rating 60V, 
6A Beta 15-30) 6.0A Current Gains of 60 


6.0A Volt 
NKT 402 12V High Power D.C. Con- on vege eee (volts) 60 


verter Transistor (6A Voltage Rating 30V, Max. Tj Rise above 25°C (°C) 60 
GA Beta 30:50) Beta 3A/Beta 1A (%) 60 


NKT 403 24V High Gain Power Amplifier Leakage Current (xA) 60 
Transistor (SA Voltage Rating 60V, IA Saturation Voltage (Volts) .60 


Beta 50-150) 
6.0A Base Drive Voltage (Volts) BO 


NKT 404 12V High Gain Power Amplifier Th | Derati < 
Transistor (SA Voltage Rating 30V, IA a Seer (w/°C) -60 
Beta 50-150) Frequency Cut-off (Mc/S) «60 


DATA SHEETS ARE AVAILABLE DIRECT FROM 
NEWMARKET TRANSISTORS LIM/TED 
MEMBER OF THE 


~ A 
C if NEWMARKET TRANSISTORS LTD. ’ 
EXNING ROAD, NEWMARKET Te': Newmarket 3381 
GROUP OF COMPANES 
APRIL ; 1961 13 ELECTRONIC , ENGINEERING 
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.«-@ Choice can be made froma wide 
selection of miniature precision built, low 
inertia, A.C. Servo motors in International 


AC Sse rvo frame sizes. 


07, 08, 10, 11, 15, 18. 
forexample..... 
size 11 components 


SERVO MOTORS — High acceleration, 
good speed-torque linearity, split control 
phase for series or parallel connection, all 
motors are available with potted stators 
and stainless steel bearings. Wound for 
20 to 180 volts 2-phase 400 c/s or 6 to 35 
volts 2-phase 50 c/s, stall torque 40 gm. 
cm. minimum. 


Niotors 





SYNCHRONOUS MOTORS — Similar con- 
struction to the servo motor but with a 
cobalt steel rotor. The synchronous torque 
is 13 gm. cm. minimum and the speed of 
the 400 c/s version 8000 r.p.m. The 50 c/s 
model has a synchronous speed of 1000 
r.p.m. 





MOTOR TACHOGENERATOR—Combined 
unit comprising the standard motor and 
low inertia A.C. tachogenerator wound for 
20 to 115 volts excitation and with an 
output of 0.5 volts/1000 r.p.m. Low resi- 
dual voltage, good linearity, combined 
weight only 7 ozs. 





DAMPED MOTOR — Standard servo 
motor with viscous damping unit, giving 
a braking torque directly proportional to 
velocity — No-load speed can be pre-set 
between 2200 — 5000 r.p.m. + 100 r.p.m. 





BRAKED MOTOR — Incorporating a 
magnetic brake designed for use in high 
‘g’ applications and for use in systems to 
prevent overshoot or movement due to 
vibration of out of balance masses. Contin- 
uously rated 15 volts D.C., energized for 
‘OFF’. 





All units can be supplied with plain shaft 
or with a pinion shaft permitting in-line 
reduction gearheads to be directly 
coupled; reductions up to 1,000,000:1 can 
be obtained with 2 gearheads in cascade. 
All motors are built to Ministry of Supply 
specification EL.1789. 


Vie “a 
(Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. | Telephone BELgravia 7000 
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TMC Elmeg Counters are as near perfect as 
they can be made by the human skills of 
technical experts with years of experience 
and the most advanced equipment at their 
disposal. As a range, they are exceptionally 
versatile—offering a choice which should 
match up to even the most remote require- 
ments. Available in ‘‘Print-Out’’ and ‘‘Read- 
Out’’ form, they have fast operating speeds of 
up to 40 per second. They operate on up to 
240 Volts, with uni-directional or bi-directional 
motions. Re-setting to zero by electrical, 
mechanical or electro-mechanical methods. 
There are auxiliary contacts operating on 
each revolution of a numbered wheel. The 
range includes counters for flush panel mount- 
ing and surface mounting. No special servicing 
is required. 


Write now for further information 


TMC 


APRIL 1961 
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| modern method 


i POT 


vertical mounting 


PZ5e1R—5-digit counter with electrical and 


mechanical reset 


ZDmh—An 0-24 hours printout counter for 


is by 


TMC 


ELMEG 
COUNTERS 


Versatile range with 
extensive applications 


Offering utmost 
reliability 


In some cases 
extremely compact 


The number of applications 
for which TMC Elmeg Coun- 
ters can be used to advantage 
are far too many to list in 
detail. The following will 
act as a general guide: 


*% Inconjunction with proxi- 
mity switches or photocell 
equipment on production 
flow lines. 


* In factory statistical 
equipment. 


*% In factory process control 


* In computers and office 
accounting machines. 


You can register up to 
9,999,999 on 
TMC Elmeg Counters 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division B Hollingsworth Works - 
Telephone: GiPsy Hill 2211 


London SE21 


ELECTRONIC ENGINEERING 





EE 32 020 for further details 


Printed 
Circuit 
Counter 
Panels 


50kc/s Scaler 


; IMc/s Scaler 
A complete range of transistorized counter 


, . Input Amplifier 
panels of common size, fixing method 7 “ 


: ‘ , , Gate Unit 
and electrical connexion, designed to provide . ve 


a flexible unit system 10kc/s Oscillator 


whereby any special requirements Sere Taser 


in the counting or data processing fields Power Unit 


can be quickly built up. 5O0kc/s Read-out Scaler 


1Mc/s Read-out Scaler 
A fully illustrated brochure giving b CiddiniA @alnee Yan 
complete performance an 

P P mee ane Read-out Unit 

specification figures for : : 

Meter Display Unit 
every panel in the range is 

Lamp Display Unit 
available on request. 

Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


CUNTEL RANK CINTEL LIMITED 
Worsley Bridge Road - London: SE 26 
HiTher Green 4600 





Seles and Servicing Agents: Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Led., 112/114 Pritchett Street, Birmingham, 6 
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WESTOOL =" 


comesa reliable 
range of CONTROL GEAR 










No Postage 

Postage Stamp , 
i necessary i 
will be posted in 


paid by the Gt. Britain 


Addressee or Northern 
Ireland 


BUSINESS REPLY CARD 
Licence No. B.H.K. 15 


WESTOOL LTD., 
ST. HELEN’S AUCKLAND, 
Co. DURHAM. 
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for details 
of Westool 
products 
the most 
technically 
advanced 
of their 
type today 


NAME & ADDRESS OF COMPANY 


A.C. and D.C. Solenoids 
Warner Electric Brakes & Clutches 
Transformers & Chokes 


Coil Winding Machines 
Electronic & Amplifier Control Gear 
Westool Elcotron Eddy-Current Couplings 


Potential Indicators 
Air Conditioners & Dehumidifiers 


A.C. & D.C. SOLENOIDS 


Westool Solenoids provide design engineers with a 
convenient and simple means of mechanical actuation 
and control. Being electrically operated and self- 
contained, they can be fitted almost anywhere to 
rovide a prime mover right where it is needed. 
estool Solenoids are design approved by The Ministry 
of Supply. Wide stand range. 


WARNER ELECTRIC BRAKES & CLUTCHES 


Warner electro-magnetic friction couplings are the most 
modern means of controlling machine drives. Th 
give fully automatic stops and starts, which although 
measu in milli-seconds, are velvet smooth and com- 
pletely shockless. From “inching” to “full speed”, 
either forward or reverse, their speed can be varied 
at will. Warner Units occupy the minimum of shaft 
length, can be fitted to existing machines and enable 
new machines to be built smaller, faster and easier to 
operate. Automatic take-up for wear eliminates the 
need for adjustment. 


TRANSFORMERS & CHOKES 


Westool transformers range from the smallest possible 
up to 2,000 VA for sealed can types and from SkVA 
single-phase to 18kVA three-phase. 


Transformers and chokes are made to customers’ 
specifications—or designed to meet customers’ specific 
needs. Stringent tests at every stage of manufacture. 


COILS & COIL WINDING MACHINES 


Westool produce over a million coils every year. From 
coils smaller than a threepenny bit to coils containing 
5 cwt. of wire, each one is tested several times during 
production to ensure perfect accuracy and reliability. 


The coil winding machines sold by Westool are identical 
to the machines they make to produce their own 
excellent coils. They include single and multi-coil 
machines, dual purpose machines and models with 
push-button control. 


For technical litera- 
ture place a_ tick 
against those products 
in which you are 
interested. 

Complete name and 
address details below 
and post—no stamp is 
needed. 


Coils 


Sparkless Switch 


OQOOOOOOO0O0OCL 
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STANTELUM 


STANDARD 
FOIL TYPE 


(POLAR AND NON-POLAR) 






HIGH TEMPERATURE 
FOIL TYPE 


CPOLAR AND NON-POLAR) 












Designed to withstand conditions of 
high temperatureandhigh vibration. 


Type approved to R.C.8. 134B 
Temperature Range: 








-40 to+ 85°C. 
Temperature Range: -40 to+125°C Voltage Range: 
Voltage Range: 6 to 100V. d.c. 6 to 150V. d.c. 
Capacitance Range: 0.2 to 200uF. Capacitance Boag, 200 uF. 









TANTALUM 


electrolytic 









capacitors 


STC manufacture a full range of tantalum electro- 
lytic capacitors available in the following types: 









MINIATURE 
FOIL TYPE 


SF : (POLAR) 
ee 






SOLID TYPE 


(POLAR) 










A foil type tantalum capacitor a. 
in its most economical form. Sintered Slug and solid electrolyte 


Temperature Range: ; construction. 














-25 to+70°C, : 
. Voltage Range: | Temperature Range: -55 to+85°C. 
es 3 to 25V. d.c. ‘ i Voltage Range: 6 to 35V. d.c. 
* Capacitance Range: | i 





Capacitance Range: 1 to 220 -F. 


1.5 to 16 uF. 

















Write for details of the above Capacitors to: 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2. 
CAPACITOR DIVISION: BRIXHAM ROAD - PAIGNTON - DEVON 





COMPONENTS 
Group 











60/7MC 
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M \ R . | (} N Does it give good electrical joints? 
Perfect 
| a a 
d UMInNIUM Is it accurate? 


Tolerances as close as + 0.005 in. 


5 
f| Wel l can be maintained 
How many joints 


s 
brazil ng can you braze at a time? 


Thousands 





Must they be accessible? 


No —they can be as inaccessible 
as you like 


Can you braze large components? 


Up to 9 ft. x 2 ft. x 2 ft. 


Marstons dip-braze assemblies from parts supplied 
by the customer, manufacture and braze to the 
customer's own design, or undertake complete 


component design and manufacture. 


MARSTON EXCELSIOR LTD., 


Fordhouses, Wolverhampton, England. 


See eee 
I | ( all Swe 'S (A subsidiary company of Imperial Chemical Industries Ltd.) 


lll eeneedllesteetimnnellteentedlitemenetlliemaetttiesanlliemmnetionenetliennenditanmendimanenllitenetatlinmmeticecettliemedti etiam 
MAR29§5 


Ce 
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STC 


PERMALLOY 
POWDER 
CORES 





have: 


ighest Permeability 


The demand for coils for audio and carrier frequency os pated 
circuits has required the development of cores Ries: 
having high stability with time, temperature and 

magnetisation. To meet these stringent 

requirements STC have produced cores having the 

highest permeability and lowest core losses yet possible. 

These requirements have been proved to be most 

satisfactorily met by employing a core structure of inductance 

made from compressed insulated powdered material. Negligible exte 
By this means the requisite air gaps are introduced 

in an evenly distributed fashion, and the magnetic 

material is sub-divided so as to reduce eddy current 


losses. 


Write for Technical Data Sheets to:— 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY ~ HARLOW ~ ESSEX 
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D.E.F. 5011 and many other government specifications call for the use of 
vibration test equipment. Fatigue and resonance search tests are the principal 
applications but there are several more. In fact, vibration equipmentis adesign 
and test facility which is rapidly gaining in scope and importance throughout 
industry. But for all that, the techniques are still comparatively new and, not 
unreasonably, present unfamiliar problems to many manufacturers. 

We specialise in both the manufacture of such equipment and the technology 
of its applications. Our range is the most complete in Europe. 

if you can’t meet D.E.F. 5011 or other government specifications requiring the 
use of vibration test equipment. Or if you want to be better equipped to do 


so...meet us. 
(on O11 63 2)... &. Sy Ff | 


the vibration specialists 


GOODMANS INDUSTRIES LTD. AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND 
Wembley 1200 (8 lines) - Cables: Goodaxiom, Wembley, England 


Accredited Agents: HAWNT & CO. BIRMINGHAM 
FARNELL INSTRUMENTS LTD., WETHERBY, YORKS. 
A.R.BOLTON & CO. LTD., EDINBURGH 


GD6é26 
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V47 
Peak thrust 
2ib. 


390A 
Peak thrust 


8/600A Mk.11 
Peak 
thrust 
300Ib. 


VG109 Mk.111 
», Peak thrust 18,000!b. 


nN genera- 
ng range 


al eihlaks 
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The Chinese had a use for it 


Quartz was valued by craftsmen of the Ming 
Dynasty as a medium for creating religious 
symbols, ornaments and jewelry of great beauty. 
Today, at STC, quartz has a vital 20th Century 
function. Modern electronics and telecommunica- 
tions call for quartzcrystals made toextremely high 
standards, and STC’s precision manufacturing 
techniques produce crystals to meet these 
requirements. 

STC quartz crystals maintain a high degree of 
stability under conditions of severe vibration, 
shock and climatic change. 

Write for detailed literature ... 


Srandard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C.2 
QUARTZ CRYSTAL DIVISION . HARLOW . ESSEX 





61/7MQ 
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a 
calculation 

e 0) 
mathematicians 


No. 1 PASCAL 


Pascal is said to have discovered the thirty-second theorem of 

Euclid at the age of twelve. He appears to have skipped the first thirty-one. 

In 1642 he invented an arithmetical machine which could add, 

subtract, multiply and divide in livres sols and deniers. In this it had the 

edge on most C.I. models which do not calculate in livres sols and deniers but are 
superior in other respects. Pascal’s christian name was Blaise. When 

his customers were told that the arithmetical machine cost 100 livres they 
originated the phrase ‘‘go to Blaises’’. Unfortunately for Pascal’s 

marketing campaign, they didn’t! 


To-day most people prefer a C.I. Series 100 for 
fast, accurate counting. It’s a high-speed, quick 
reset, electro-magnetic, 6 figure counter. From our 
point of view it has one great advantage 

over Pascal’s model—it sells. Placed side 

by side in identical bozes, nine out of ten 
housewives chose C.]. 


@ series 100 


COUNTING INSTRUMENTS LTD : ELSTREE WAY - BOREHAM WOOD - HERTS - Tel: ELStree 1382 
uh 
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You are invited to send for this new Indexed Summary of 


STC vaives ._ 











Registered Office: Connaught House, Aldwych, London W.C.2 
VALVE DIVISION: FOOTSCRAY + SIDCUP + KENT 


B=) Standard Telephones and Cables Limited 
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Why struggle with Mains Voltage Fiuctuation ? 


If you have any problem involving a.c. 
voltage regulation, the solution is to call 

in ‘Advance’—the Constant Voltage 
Transformer specialists. Investigation of 
your problem may prove that a standard 
type ‘Volstat’ will meet the case or, maybe, 
a special design is called for. In either 
event, the wealth of experience gained by 
‘Advance’ over many years in probing every 
aspect of mains stabilization provides the 
surest, quickest, and certainly the most 
economical solution to your difficulties. 


VOLSTAT 


CONSTANT VOLTAGE TRANSFORMERS" 


‘VOLTAGE STABILIZATION’ 


This ‘Advance’ Booklet gives authoritative 
information on ‘Advance’ Constant Voltage 


Transformers, and the service available to dea To ADVANCE COMPONENTS LIMITED 
with your particular voltage fluctuation ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. 
problems. Send for a copy. 


Please send me a copy of your booklet 
POST THIS COUPON TODAY “Voltage Stabilization” by ‘Advance’ 
Ree eee 
POSITION 


SINS i sctclinicniccacsonmiccinsan elds dasidiag 
| MAINS STABILIZATION DIVISION [F) 


ROEBUCK ROAD * HAINAULT « ILFORD « ESSEX « TELEPHONE: HAINAULT 44 @ @ @ @ @ @© @ O 
IT/GD84 


ELECTRONIC ENGINEERING 24 APRIL 1961 














APRIL 


EE 32 029 for further details 


Looking for an audio-frequency 
Wave Analyser with variable bandwidth? 


Wave Analyser 


Type FRA2T 


3 BANDWIDTHS 


2 — 25 — 125 c/s (—! db) 
provide for easy tuning 
over the entire frequency 
range and permit measure- 
ments to be made on 
frequency-modulated _ sig- 
nals or in the presence of 
wow. 








Built-in Tone Generator (B.F.O.) for selective measurements with provision for 
external level control. The B.F.O. can be offset from the Analyser tuning frequency by 
0 to 16 kc/s for intermodulation measurements. 


Frequency Response Recorder: The Analyser can be connected and mechanically 
coupled to the Recorder, Type NS3, which uses paper charts 20 cms long graduated 
directly in frequency and amplitude. Complete frequency response recordings can be 
made in 130 secs. 


Frequency Dial: 0-16 ke/s with linear calibration up to 100 c/s for high resolution 
at low frequencies, logarithmic from 100 c/s to 2 kc/s and linear from 2 kc’s to 16 ke’s. 
Accuracy 0:°5%+-1 c/s. 

Incremental Dial: From 0 to -+-60 c/s, direct reading. 


Distortion and Residual Modulation products more than 75 db down (typically 
80 db). 


Sharp Cut-Off on all Bandwidths. Response more than 60 db down at +40 c/s in 
“*2 c/s’’ position. 


15 Ranges from 100 Microvolts to 1000 Volts f.s.d. Hum and noise less than 2 
microvolts, lowest detectable signal 3 microvolts. Input impedance 2 megohms on 
all ranges. 


This Wave Analyser is also available without Tone Generator, the type number is 
then FRA2. 


Write for complete information 


RADIOMETER 


72 Emdrupveljl, Copenhagen NV, Denmark 


Represented in Great Britain by: 
Livingston Laboratories Ltd., 31 Camden Road, London, N.W.! 
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How to make a Gilt-edged Investment 


Ordering printed wiring edge connectors should be PRINTED WIRING CONNECTORS 


regarded as making an investment. Your investment snIOLS-DED BOARDS Seren ene 
can be gilt-edged if you specify CONTINENTAL a aes + sound Couch thickness 
CONTINENTAL can offer you a wider range of printed — 2 © 36, 24.8 38 ot O0e2 

wiring connectors than any other manufacturer and = Od00, aca ea ae 7” Oahy other types are 

this range includes the new international standards. Jontact omitted) «0.150 0.062" 10k 32single-sided 


0.200 2 - « ‘ & 20 double-sided 


All are gold plated but can be offered in many 0.200 24 & 2 0.156 0.062 36 ways double 
variants to suit your particular application creep ice 


Miniature plug & socket connectors. Sub-miniature rectangt 
connectors. Micro-miniature rectangular plug & socket connector 


Please write for leaflets, outlining your requirements seated miniature plugs. Taper-pin terminal blocks 
FOR BUILT-IN QUALITY AND RELIABILITY, SPECIFY Fesstinsinted Connectors 


CONTINENTAL CONNECTORS LTD - INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD - MX - (WAXiow 5721-7) 
ASSOCIATED WITH THE ULTRA GROUP OF COMPANIES 
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HE 
w MBC 
MEANS 


ARCO 


CIALIZED 
PONEN 


and this is the story behind it 


* Every day, at one or other of Marconi’s The preliminary list includes ferrite 
research establishments, new equipment is planned ; new tech- isolators and circulators, coaxial con- 
niques are developed; new materials and new circuits are nectors, attenuators, terminations and 
tested, and new problems are solved. switches ; waveguide filters, termina- 
Every day, at one or other of Marconi’s precision engineering tions, bends ; crystal filters and crystal 
works, special components are designed and produced—either ovens. Hundreds of other components 
because no suitable component exists until Marconi’s make it, are produced by Marconi’s for re- 
or because existing components cannot provide an acceptable 
standard of performance. 

The design and manufacture of these specialized components 
involves a vast amount of engineering effort, and is only 
undertaken when no suitable alternative is available. In almost 
every case, Marconi components are designed for higher 
performance and built to closer tolerances than any similar 
item. 

Now, for the first time, these high-grade specialized com- 
ponents are available to other users. A new group — the 
Specialized Components Group—has been formed within the 
Marconi organization, and a preliminary catalogue is avail- 
able listing more than thirty items which are available at short 
notice. 


search, development and production 
equipment; and the Company will 
welcome enquiries from users for 
specialized components of any kind. 





Write for this new Marconi catalogue, and address your enquiries to: 
SPECIALIZED COMPONENTS GROUP 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 
CHELMSFORD, ESSEX, ENGLAND 


we 
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BEME TELECOMMUNICATIONS LTD - CHAPMAN ULTRASONICS LTD 


DORAN INSTRUMENT CO. LTD L.S.B. COMPONENTS LTD RESLOSOUND LTD 





ONE KILOWATT AUDIO FREQUENCY AMPLIFIER 


Using advanced design technique the Chapman 1Kw Amplifier is unconditionally stable 
and will deliver a power output of 1Kw continuous sine wave. 

A number of these amplifiers can be used with series-connected éutputs when a multiple 
of the power unit is required. Two or three can be employed to provide a 3-phase output. 
Hinged side and rear doors provide extremely easy access to all components and wiring; 
all the valves are accessible from the front of the rack behind a removable grille. Adequate 
protective devices are incorporated in the various circuits. 


SPECIFICATION 
| Kw Audio Frequency Amplifier as illustrated 


Maximum Power Output: |,000 watts 

Frequency Range: 40-!2,000 c.p.s. 

Output Voltage: 25, 50 or |00v. 

Output Impedance: 0.625 ohms, 2.5 ohms. or 10 ohms 

Total Harmonic Distortion at | Kw and 1,000 c.s.p.: 1°, 

Sensitivity: 100 m/v into 600 ohms for | Kw output 

Mains Supply: 200/250v at 50/60 c.p.s. 

Dimensions: A fully enclosed 5 ft. high metal cabinet with hinged side and rear doors measuring 244” x 20” deep 
Finish: Silver Black Hammertone 

Valves Used: ECC83, 2 EL84, 4x EL34, 2x TY3-250, 2x GZ34, 4x RRS-250 


(Member ofthe Derritron Group) CHAPMAN ULTRASONICS LTD. 


PRECISION GENERAL PURPOSE 
D.C. POTENTIOMETER 


Three ranges are provided of 1 microvolt to 18 millivolts, 
10 microv. Its to 180 millivolts, and 100 microvolts to 1.8 volts. 
Accuracy—o.01°%, of maximum reading of range in use. In the 
latest model provision is made for controlling the supply 
circuits independently, and the switchgear and general 
arrangement have been modified to give improved stability 
and longer life. 


CAT. No. E.4248 


DORAN INSTRUMENT CO. LTD. 


(Member of the Derritron Group) 
eee eee ee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 


. * + 7 
coil winding and potting 
and manufacturers of electronic components to specification 


(Member of the Derritron Group) L ° $ ° B . C 0 M P 0 N E N T S LT D e invite your inquiries 


companies - 24 UPPER BROOK ST - MAYFAIR - LONDON - WI - PHONE HYDE PARK 229! 
Dal260 EE 
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Quartz 
Crystal Ovens 


STABLE TEMPERATURE ENSURING 
MAXIMUM FREQUENCY STABILITY 


Switching differential 0-0014°C. 
No thermostat 
No thermometer switch 


Orthodox crystal ovens, using thermostats 
or thermometer switches, are available for 
applications where wider temperature varia- 
tions are acceptable. 


MARCONI 


SPECIALIZED RADIO COMPONENTS 


Write for details of crystal ovens and other specialized components 
in the Marconi range, and address your enquiries to: 


SPECIALIZED COMPONENTS GROUP 


MARCONI'S WIRELESS TELEGRAPH COMPANY LTD., 
CHELMSFORD, ESSEX, ENGLAND 
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Hewlett-Packard 


DC and AC Voltmeters DC-1000 MC 


Precision accuracy, simple operation and sturdy dependability characterize these Three of 11 -hp- Voltmeters 
wor'd-renowned -hp- voltmeters. Collectively, they offer you instrumentation for 
DC voltage measurements, or AC measurements to 1000 MC. As shown in the 
table, these instruments include wide range or precision models, a logarithmic 
scale instrument, a DC digital voltmeter, a transistorized instrument, a widely- 
useful microvolt-ammeter, the world’s first precision cornmercial volt-ohm- 
ammeter, and a revolutionary new DC milliammeter that measures without direct 
connection to the circuit under test. 

Many world-famous Hewlett-Packard laboratory instruments are now made in the 
new Hewlett-Packard GmbH plant at Béblingen, near Stuttgart. Here quality 
engineering and latest manufacturing techniques bring you instruments of excep- 
tional performance at moderate price. 


Model 411 A RF Millivoltmeter 
measures from 5 KC to 1000 MC 
(usable indications to 4000 MC) with 
10 mV full scale deflection on most 
sensitive range. 


Primary Uses Frequency Voltage or 
Range Current Range 


instrument 





hp- 400 D Wide range AC measurements 10 cps to 4 MC 0.001 to 300 V 


High sensitivity 12 ranges 


megohms 
put shunt 








0.001 to 300 
12 ranges 


10 cps to 4 MC megohms 


High accuracy wide range C 
put shunt 


AC measurements 


0.901 to 300 V megohms 
‘2 ranges 15 «pf shunt 


Log voltages near 
ib measurements 





0.901 to 300 2 megohms 
12 ranges 40, 20 wut shunt 


Battery-operated portable 
fast, accurate, hum-free 
AC measutements 


sd 
a 


Digital, automatic voltage 
measurement. Recorder output 
automatic polarity 


Audio, RF, VHF measurements 
DC voltages; resistances 


Low level measurements 
at radio frequencies 


Precision voltage, current 
resistance measurements 


Read wV, wpA; 100 db 
amplifier; medical, biological 
physical, chemical 





Clip-on milliammeter 
eliminates direct connection 
circuit loading 

Current measurements 

on meters, scopes 


5 KC 

to 1000 MC 
(Usable 
indications 
to 4000 MC) 


Dc 


DC voltages as 
100 db 


amplifier 


DC 


60 cps to 4 MC 


0.001 V to 1,000 V 
(accuracy + 0.2 % 
of reading + 1 
court) 


1.0 to 300 V 


anges 


10 mV to 10 V full 
scale in 7 ranges 


1 mV to 1,000 V 


1 wA tol amp 


uVtolV 
) ranges 


0.3 mA to 1 amp 
6 steps, + 3% 
accuracy 


1 mA to 1 amp rms 


Prices delivered U.K. exclusive of duty where payable. 
Continuous progress in design may affect the above specifi- 


11 megohms 
to OC 


oC 
122 megohms 
AC 


10 megohms 
1.5 wy 


Depends on 
probe tip 
used 


10 to 
200 megohms 
depending 


on range 


1 megohm 
+3% 


Model 403 A AC Voltmeter 
transistorized, battery-operated port- 
able weighs 5 Ibs., covers 1 cps to 
1 MC. Noise less than 30 «V. 


€ 
—_ alin a 
Model 428 A 
Clip-On DC Milliammeter 
New probe clamps around wire under 
test, readily measures DC current 
even in presence of strong AC 


For information, technical sales and engineering help, or a 


cations which are therefore subject to change without notice. demonstration please write or call 


Hewlett-Packard S.A. 


Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36 
Exclusive Distributor for United Kingdom: 
LIVINGSTON LABORATORIES LTD. 


31 CAMDEN RD. LONDON N.W.! 
Telephone: Gulliver 8501 


leads the way 
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Ferrite 
lsolators 


Existing Marconi designs cover most of the frequencies 
from 1.8 Kmc/s to 10 Kmce/s, and enable the following 
performance characteristics to be obtained : 

Reverse losses of 45 dB or greater VSWRs 1.03. 
Forward losses of 0.5 dB or less. 

A wide range of ferrite devices, including circulators, 
is available; if your requirements fall outside our existing 
range we shall be pleased to consider a design to suit you. 


50 ohm Coaxial 
Connectors 


Designed to combine low VSWR with positive mech- 
anical connection at 5000 mc/s, this connector is 
unique in its use for laboratory measurements and for 
any application calling for a stable and reliable match. 
Alternative arrangements are available for flexible 
cables or panel mounting use. The connectors are 
normally female but can be converted to male by the 
simple addition of a locating ring and connecting pin. 
The design incorporates a sealing ring for water- 
proofing the connecting joint. 
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Miniature 
Crystal Filters 


Crystal filters operating at 
characteristics. 

Pairs of upper and lower sideband selection filters for SSB 
applications. 

IF filters at 455 ke/s. 

Marconi’s are constantly engaged in the development of 
new crystal filter techniques, and it is impossible to specify 
the large number of filter designs available. The Company’s 
unique experience in this field enables us to offer advice 
and technical assistance with filter problems of any kind. 


100 kc/s with bandpass 


MARCONI 


SPECIALIZED RADIO 
COMPONENTS 


Write for details of crystal filters and other 
specialized components to 
SPECIALIZED COMPONENTS GROUP 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, 
CHELMSFORD, ESSEX, ENGLAND 








A preliminary catalogue 
is available listing 
specialized components for 


immediate delivery. 
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Here’s one problem you don’t have to bother with. There’s a 100% reliable way of controlling the level of a 
conducting liquid in any type of pressurized or non-pressurized tank, wherever situated, regardless of size 
or height. It’s all done automatically, without fuss, by the Firth Cleveland Conductivity Level Control 
System. Control is accurate to + 3”. Alternatively, the System provides high low indication and alarm with 
the same accuracy. Here, are some of the main technical features: 


@ Provides control of levels to + +” up to 1,000 ft. from site. 
Suitable for ALL conducting liquids. 
Completely reliable, ‘fail-safe’ fully transistorised printed circuitry. 
Operates at tank pressures up to 500 p.s.i. 
Probe units can be adapted for top of tank fitting. 
First-class after-sales service backed by a country-wide network of service engineers. 
We shall be pleased to send you full details. 








MAINS 

SUPPLY 
TANK FEED CONTROL 
only one of the many 
applications of the 
System. Liquid is 
controlled between 
AMPLIFIER AND LAMP ANNUNCIATOR probe levels, 


CONDUCTIVITY PROBE LEVEL CONTROL SYSTEMS 


























Firth Cleveland Instruments Ltd., 7 Cleveland Row, London, S.W.1. Telephone: WHitehall 3100 A MEMBER OF THE FIRTH CLEVELAND GROUP (Fo) 


CAC 42G 
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DEVELOPMENTS 





WITH TWO NEW ELEGTROMETERS 


Two highly versatile instruments which have extended the boundaries 
of experimental technique in several fields, share at least one feature: 
both owe their rock-steady zero stability and high input insulation to 
the E.I.L. VIBRON, a dynamic capacitor of exceptional precision. 


The VIBRON MASS 
SPECTROMETER 
AMPLIFIER measures _ the 
very small beam currents en- 
countered in modern mass 
spectrometry and discriminates 
down to 10° A against a 
random noise of 5x10" A 
r.m.s. With any selected value 
of shunt resistor, the gain is 
adjustable from 1 to 11 000; 
by this means the ratio of two 
mass species can be accurately 
determined. Its fast response 
enables the spectrum to be 
scanned rapidly. 


The VIBRON LOGARITHMIC 
ELECTROMETER is scaled 0.1 
to 1000 millivolts and measures 
over these four decades without 
range switching. Using high value 
shunt resistors, currents down to 
2 10°" A can be detected. 


ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND : SURREY : ENGLAND: RIChmond S656 


ES2a 
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EVERY SERIOUS 
PURPOSE 





STRATTON & CO. LTD., BIRMINGHAM, 3} 
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Wholly new- 




























































































































































































completely transistorised 


DATA AMPLIFIER sB.1.e.362 


Unequalled performance is a factual claim for the new B. E. Tran- 
sistorised Data Amplifier. It has been expressly designed and developed 
to meet the insistent demand for precise amplification of microvolt 
signals from transducers of all kinds. 


High input impedance ensures that the unit will not load the signal 
source. Low drift and noise ensure minimum dependence upon power 
supplies and enable the unit to operate with a gain of up to 1,000: 1. 


High inphase rejection ratio, coupled with a completely floating input, 
guarantees minimum interference from common mode pick-up on 
the input lines, 


Gain Adjustable from 10 to 1,000 in steps 
Linearity 01° 
Drift Less than 34V r.m.s. 
Noise Rise Time 100 microseconds 10yV r.m.s 
Rise Time 10 milliseconds 24:V r.m.s 
Band Width Low Frequency D.C. 
High Frequency 3 Db. down at 10 Kc/s 
Input Impedance 3 megohms 
Input Balanced floating 10uV to 1 V 
Inphase Rejection Ratio DA.. we"? §, 
50 c.p.s. 10°: 1. 
Output 10 volts, 5 mA. 
Power Supplies 110/230 volts, 50 c.p.s 
Size 53” x 19 154 
Weight 20 Ib. 


E Transistorised Data Amplifier 


BLACKBURN ELECTRONICS LIMITED, BROUGH, YORKSHIRE 
Telephone : Brough 121 Member Company of the Hawker Siddeley Group 
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300 
20 wily 220 
iy, 


of 
flush 
mounting 


MATCHING MINIATURE INSTRUMENTS 


for switchboard designers 


All ‘ENGuisH ELectric’ miniature moving iron and moving coil 
instruments to B.S. 89-1954 can be supplied in the following nominal 
size cases: 24 in. and 34 in. Round Flush; 2 in., 24 in. and 34 in. 
Square Flush; 3 in. x 4 in. and 5 in. x 6 in. Rectangular Flush. Bold 
open scales give easy, accurate routine readings. 





For utmost reliability all ‘ENGLISH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption and have been successfully subjected to: 


; , Publications on request to 
RESISTANCE TO IMPACT SHOCK TEST of 200g in any plane UOUCATIORS On requ 


sia The English Electric Company Limited, 
VIBRATION FATIGUE TEST —two million cycles at peak resonant frequency seas ap sainentats , 


OSCILLATORY TEST — up to one million operations en ae, 
Stafford 

These non-breathing phenolic moulded cases can be fully sealed to 

protect the movements from acid-laden atmospheres and comply with 

specification B.S.2011.H3. 


PAD MO AMMNIVEMS instruments 


Tue ENGLISH ELECTRIC Company Limrtep, ENGLisH ELectric House, STRAND, LONDON, W.C.2. 


WORKS: STAFFORD - PRESTON - RUGBY BRADFORD - LIVERPOOL - ACCRINGTON 





1 
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CLUTCH Wt palcfyur hand | 


This versatile miniature magnetic instrument clutch is just one CROFTS 
contribution to the ever growing fields of light engineering and 
instrumentation. Versatile, because it can be used as clutch/coupling, clutch/brake or 
duplex clutch; and so miniature it sits right in the palm of your hand. 
Inching, load locking, shaft positioning, high-speed motor reversal, 
speed synchronising—there’s no end to its applications! 
The standard range covers five sizes, transmitting torques from 4.2 to 
420 oz. ins. at any normal speed. A range of positive-engagement clutches 
operating at similar speeds is available to transmit torques from 14 to 1400 oz. ins. 
For full operating data, technical information and physical details of 
CROFTS instrument clutches—send for Publication 6013A. 


CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 


THORNBURY - BRADFORD 3 - YORKSHIRE 


Telephone: 6525! (20 lines) Telegrams: ‘Crofters Bradford Telex’ Telex: 51186 


BRANCH OFFICES: London, Belfast, Birmingham, Bristol, Cardiff, Dublin, Glasgow, Ipswich, Leeds, Liverpool, Manchester, Newcastle 


Norshampton, Nottingham, Sheffield, Stoke-on-Trent 
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In the design and production of thoroughly reliable 
electrolytic capacitors, Plessey have for years held 
a commanding lead. To every new demand made 
by rapid developments in radio, television and 
electronic equipment Plessey can respond by 
bringing to bear unrivalled experience, tremendous 
resources and highly skilled staff. Such is the care 
taken to obtain impeccable standards of quality 
and performance, that virtually clinical conditions 
of manufacture are maintained in the superbly 
equipped laboratories and workshops. These same 
exacting standards are imposed throughout the 
comprehensive range of capacitors produced 
by Plessey. 


) 
Whatever the requirement Plessey J provides the finest component 


THE PLESSEY COMPANY LIMITED 


Capacitors & Resistors Division: Kembrey Street - Swindon - Wiltshire - Tel: Swindon 6211 


Overseas Sales Organisation 
PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND 
Telephone: Ilford 3040 : Overseas Telegrams: Plessinter Telex Ilford 
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Ros. : 
TABILISED 2]... 
S S _ OO WOOO 


POW — R SURE SSSR 200 econ pmpeseatee 
SUPPLIES 


MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 
Resonator Supply 250 V — 400 V. 0-50 mA. 
Reflector Supply 50 V — 400 V. 0-50 microamps. 
L.T. Supply 5.5 V — 6.5 V. D.C. 0-1 Amp. 
Aux. Supply for associated circuitry 400 V. 0-20 mA. 
Stability better than 0.2°,, on H.T. lines for input 
variations + 10%. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex-works. 





MODEL 508 


0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps. A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1% for input variations + 10%, 
and no load to full load current. 
Ripple less than 3 mV R.M.S. 

PRICE £98 ex-works. 





bene nnn nanann nn 2 a apg 
RFI new ns mmm 


MODEL 3798 

0 — 50 V. D.C. 100 mA. 

6.3 V. 5 Amps. A.C. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations + 10%, and no load to full 
load current. 

Ripple less than | mV R.M.S. 

PRICE £60 ex-works. 
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CATALOGUE 
No 


SECONDARY (A) SECONDARY (B) 


VOLTAGE 
R.M.S R.M.S. OR 
CHOKE 


1 to 24V 
2 to 48V 
1 to 24V 
1 to 24V 
2 to 48V. | 
1 to 24V. | 
2 to 48V 
1 to 24V 


2 to 48V 





Catalogue 
Number 


D.C. Current 


Inductance 


0-250V. (SOV 


0-250V. (SOV 


0-250V. (SOV 


0-250V. (SOV 


0-250V. (SOV 


0-250V. (SOV 


Approx. D.C 
Resis. Ohms 


Steps) 
Steps) 
Steps) 
Steps) 
Steps) 


Steps) 


RATING 
VOLTAGE 
7 
D.C. COND hans 
10A 


M.S. CURRENT] M.S. CURRENT 


APRIL 


1961 
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PERMANENT 
ATTRACTION 


MAGLOY 


Registered Trade Mark 


cast permanent magnets 


The outstanding qualities of MAGLOY materials enaLie the 
production of precision-cast magnets, even of small sizes, to 
relatively close tolerances. In addition, aluminium and 
sy nthetic jackets, for mounting purposes, prov idea complete 
safeguard against magnetic damage. 

High resistance to shock and vibration and to external 
magnetic influences, is further proof of the superiority of 
MAGLOY permanent magnets—produced at a plant capable 
of manufacturing a quarter of a million every week, 
Remember, Preformations Limited offer a unique research- 
design facility to Design Engineers in the electronics indus- 
tries. All the experience and services for the development 


of special designs to meet exacting needs are available. 


Preformations Limited 


ONE OF THE [ Plessey | GROUP OF COMPANIES 


CHENEY MANOR - SWINDON - WILTS 
Telephone: SWINDON 6251 Telex: 44-385 
@) PM2 
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CHOOSE 


TRANSISTOR 


POWER 


SUB-UNITS 


SLIG W1F * AJWYNS NOLIGUNS QVOU VINOLOIA - Q3ILINIT ANVGWOD XIT3@ 3HL 


Sa le i i 
—_——_— a ee 


T88 
61 





TYPE No. 





OUTPUT 


d.c. volts: ot 





OUTPUT 


amps (max.): 





STABILITY 
RATIO 


(7% mains) 





SOURCE 
RESISTANCE 
$2 jess than: 





AC. 
IMPEDANCE 
02) (max.) 
to 200 kc/s: 





RIPPLE 
(ph-ph) m¥ 
less than: 






















































































* Provides two independent outputs. © Available as plug-in or wite-in sub-unit. 
TSS 61, 62, 63 are continuously variable; all other units have coarse step plus fine 
adjust facility. 
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travelling wave 
woe. 


many problems is the TWCS. It has an output of 
11 watts and a gain of 39 dB. over a frequency range 
5.8-8.2 kMc/s. It is readily replaceable in the 
periodic magnetic circuit. If you have a valve problem 
simply telephone RIV 3431 and ask for our 


Technical Information Centre or write to the address below. 


THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
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the ULTIMATE in radio 
frequency connectors... 


OVER 200 
TYPES AVAILABLE! 





 RANSRADIO irpD 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 


To: 
TRANSRADIO LTD 138A CROMWELL ROAD LONDON SW7 
Please send Connector Catalogue to: 


NAME OF COMPANY 
ADDRESS 


| 
| 
| 
| 
| 
& 


FOR THE ATTENTION OF 
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K c0-AXx cables 
Airflex cables 
RG cables 
Minicables 


XK ULTRA LOW 


CAPACITANCE & ATTENUATION 


38 STOCK TYPES\<.) | 


for your 


, standard or special 
" — pee 
‘ RANSRADIO itp 


138A CROMWELL ROAD LONDON SW7_ Telephone: FREmantle 4421 (P.B.X.) 





To: 
TRANSRADIO LTD 138A CROMWELL ROAD LONDON SW7 
Please send Cable Catalogue to: 


NAME OF COMPANY 
ADDRESS 
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THE BRILLIANT RANGE OF SIEMENS & HALSKE GEARED 
MINIATURE D.C. MOTORS. Siemens & Halske high efficiency 
miniature D.C. motors are available in three sizes, the 


largest being approximately 1}” x }” including gearbox. 
Motors are available with working voltages up to 4V D.C., 
but they will in fact turn from a signal as low as 50 mV. 
Torques are impressive—up to 270 cm.gms.—and an 


my } & é P RELAYS electro-mechanical efficiency of the order of 70%. The 


working temperature range is —35°C to +60°C. 
5. & R. RELAYS LTD., TEMPLE FIELDS, HARLOW, ESSEX 
Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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The English Electric Valve Co. 
Ltd. offers a range of natural 
cooled tetrodes for the lower 
power communication and in- 
dustrial application. The maj- 
ority of the types in this range, 
comprising both single and 
double tetrodes, are capable of 
operation, at full ratings, well 
into the V.H.F. band — up to 
250 Mc/s in the case of the 
C178A/5894. Even higher fre- 
quencies may be attained with 
suitable de-ratings. All are 
equivalents or near equivalents 
to American and CV types. 


17 
) 





For full details of these valves 
please write to the address 
below. 


LECTRIC 


4 
4 





American 


Tyee Services Frequency Dissipation 


Type Mc/s (w) 


E.E.V. Type | 


| British Operating Max. Anode 
| 


4032 4D32 | CV3543 60 | 50 
C178A/s894 | $894 CVv2797 250 20+20 
ciios | 4-125A* CV2130 | 120 125 
ciii2 4-250A* CVv2131 75 250 
C1134 | 6252 * CVv2799 150 10+10 





NGLISH I 


, 
4 
4 


30 
200 
200 


| 








MAINTENANCE EQUIPMENTS 





* Near equivalent 


AGENTS THROUGHOUT THE WORLD 
ENGLISH ELECTRIC VALVE COMPANY LIMITED 


Chelmsford, England Telephone : Chelmsford 3491 


AP 160 
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Gone — with the wind... j 


There's power in that floating seed to 
endure frosts, floods, and drought, and 
still to put down roots when the 
command comes. Scientists need this 
kind of power—compact, lightweight, 
enduring. Venner provide it in their 
Silver-Zinc Accumulators which, 
submitted to high and low temperatures, 
pressure variations, shock, vibration, or 
long periods without attention, still 
yield more power per unit of 

weight than any other electrical 


storage system. 


SItLVER-ZINC ACCUMULATORS 


VENNER SILVER-ZINC ACCUMULATORS 
provide lightweight power for satellites, 
guided missiles, airborne equipment of all kinds, 


telemetering systems, etc. 


‘Send for full technical details 


enner Accumulators Limited 
KINGSTON BY-PASS, NEW MALCEN, SURREY. MALDEN 2442 
4 : 
“member of the Venner Group of Companies 


w = - —_— _— 
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Overleaf the new Selection Charts for Klystrons and 
Photomutiplier Tubes. 


Your new detachable short catalogue of 


TEAR ALONG THIS PERFORATION 


Precision Instruments 





EMI ELECTRONICS ILTD HAVES MIDDLESEX 








ANALOGUE COMPUTERS 


EMIAC II 

RIGHT A general purpose analogue computer of flexible 
design. One of the most advanced instruments of its kind, 
it enables the smallest user to order a “one-off” Computer 
at a mass production price, while the largest organisation 
can obtain a general purpose computer, or a special 
simulator of any desired size and characteristics. 


ELECTRONIC PHOTOGRAPHIC EQUIPMENT 


CONTACT PRINTER TYPE CP18S. ENLARGER TYPE EP10 


Electronic control of dodging and exposure of 
photographic negatives. 

More detail from both shadows and highlights. 
Consistent repetitive prints. 


CONTACT PRINTER, TYPE CP 18S 
RIGHT Prints from cut negatives from 2} in. square to 
14” x 18”. 


Please write for full information or a demonstration 


E.M.I. ELECTRONICS LTD 


INSTRUMENT DIVISION - HAYES - MIDDLESEX 
TEL: SOUTHALL 2468, EXT. 2223 


NUCLEAR HEALTH INSTRUMENTS 


PORTABLE CONTAMINATION MONITOR TYPE 1 

TOP LEFT Simultaneously monitors Alpha and Beta/gamm 
contamination. 

Bc Ul ttj cole Mele lolmelolale Mil tile Mel -el-taler-leliiiey 

Perel el Mr lare Matter lMmialelior-licelame) morelele-Taaliar-tilela Mm igelaa) 
0-5000 counts/sec. 


HAND AND CLOTHING MONITOR TYPE 1 


LEFT Simultaneous monitoring for Alpha and Beta'gamma 
Audible and visible warnings of count. 

stele ceigel laleMa-lelt-talelaMmeeliilel tart lilelem 

independent probes for Alpha and Beta/gamma contaminati 


PROBES 


A range of probes is available: 

1. AP2 50 cm? alpha probe, using a scintillation counter. 

. AP3 100 cm? alpha probe, using a scintillation counter. 

. BP2 Beta-Gamma probe, using a B12H geiger counter. 

. BP3 Beta-Gamma probe, using a.B12H geiger counter 

. DP2 50 cm? dual phosphor probe for Alpha and 
Beta/gamma monitoring. 

. GP2 Gamma probe, using Na | crystal and scintillation 
counter. 
BP4 low energy Beta probe using a scintillation count 
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INSTRUMENTATION TAPE DECKS 


RIGHT Six tape speeds available. 

Four multitrack magnetic heads (up to 24 tracks 

per 1” tape) can be employed. 

Tape speed ratios up to 128 : 1 

Up to 14” diameter tape spools can be used. 

Versions available for 1”, 2”, ” and 4” wide tape. 

Tape speeds available cover the range { in/sec-120 in/sec. 
Fast bi-directional spooling. 


EMIDATA MULTITRACK HEADS 


RIGHT CENTRE Interleaving pairs provide up to 24 tracks on 1 
wide tape. Precise assembly ensures repeatability and 

long working life 

Accurate gap-alignment can be provided. Superior cross-talk 
rejection and good low-frequency response. 

Ranges available for in-contact and out of contact use 


CLOSED CIRCUIT TELEVISION 


ABOVE BLACK AND WHITE TELEVISION CAMERA 
MARK VI Uses the EMI 1” vidicon tube. 

Bandwidth: 8 mc/s. 

Linearity: Better than 2% for line and field. 

Sensitivity: Full Camera Control Unit output with an 
illumination of 1 ft. candle (50% reflectivity with lens at F/2). 
Full range of accessories, for remote operation, available 


RIGHT COLOUR TELEVISION Suitable for industrial, studio 
or medica! applications. Three vidicon camera with a 
special optical system giving high sensitivity under difficult 
lighting conditions. 

Available for 405, 525 and 625 standards. 

Fitted with four lens turret. 

For use with colour projectors or receivers. 

















STROBOSCOPES 


8510) =10)-1 010) 4 aR Ad 

LEFT Flash rate: 5-1000 flashes per second in four 
continuous ranges. 

Accuracy: 1% of F.S.D. 

Flash duration: 31 sec to 8.5 sec varying with rate 


STROBOSCOPE TYPE 3D 

Flash rate: 5-100 flashes per second in two continuous 
ranges 

Accuracy: 1% of F.S.D. 

Flash duration: 16. sec to 94 sec depending on rate 


STROBOSCOPE TYPE 5C 

A portable hand-operated stroboscope. Flash rate: 
sitrele emir t-tel-t-Mel-1ae-t-lerelale| 

Accuracy: 10% F.S.D 


OSCILLOSCOPES 


OSCILLOSCOPE TYPE WM16 
Bandwidth: DC-40 Mc/s 
(. 3dB). 


Sweep speeds:20 musicm- 

0°5 sicm 

Sweep delay: 1 sec-150 m sec 
Direct time and voltage 
neasurement 3% 
Built-in signal delay: 0.2uS 
Plus range of plug-in units 
Full range of attenuator 
probes from 5:1 to 100: 1 


OSCILLOSCOPE TYPE WM8 
Bandwidth: DC-15 Mc/s ( 3dB) 
Maximum sensitivity: 50 mV cm. 
Sweep speeds: 50 mus'cm-15 ms/cm 
Time measurement by dial 2% 
Voltage measurement yA ee 8) 


by built-in voltmeter 


DISTRIBUTED AMPLIFIER TYPE 2C 
Frequency range: 50 c/s to 100 Mc/s. 
Maximum output: 100v pk-pk. 

Gain: X 12. 

Risetime: 5 mu sec. 


PULSE GENERATOR TYPE 1 
Risetime: 1 mu sec. 

Pulse amplitude: + 125v to —125v 
Pulse repetition rate: 50 to 150 cps 
Pulse widfh: 4, 50 and 100 mu sec 











. 
e 
% 

. 














STROBOSCOPES 


STROBOSCOPE TYPE 6 

LEFT Flash rate: 5-1000 flashes perf second in four 
continuous ranges. 

Accuracy: 1% of F.S.D. 

Flash duration: 31u sec to 8.5u sec varying with rate 


STROBOSCOPE TYPE 3D 

Flash rate: 5-100 flashes per second in two continuous 
ranges 

Accuracy. 1% of F.S.D. 

Fiash duration: 16 sec to 9u sec depending on rate 


STROBOSCOPE TYPE 5C 

Pe lelat-ie)(-Mil-lalemelelcie- Lice tice) slel-toe)s) a ee 
10-100 flashes per second 

Accuracy: 10% F.S.D. 


OSCILLOSCOPES 


OSCILLOSCOPE TYPE WM16 
Bandwidth: DC-40 Mc/s 

(~ 3dB). 

Maximum sensitivity: 50 mV/cm 
Sweep speeds: 20mus/cm- 

0°5 s/cm. 

Sweep delay: 1 sec-150 m sec. 
Direct time and voltage 
measurement: » 3%. 

Built-in signal delay: 0.2uS 
Pius range of plug-in units 





Full range of attenuator 
probes.from 5:1 to 100: 1 


OSCILLOSCOPE TYPE WM8 
Bandwidth: DC-15 Mc/s (+ 3dB). 
Maximum sensitivity: 50 mV/cm. 
Sweep speeds: 50 mus/cm-15 ms/cm. 
Time measurement by dial: +. 2%. 
Voltage measurement: 3% F.S.D 
by built-in voltmeter 





DISTRIBUTED AMPLIFIER TYPE 2C 
Frequency range: 50 c/s to 100 Mc/s. 
Maximum output: 100v pk-pk. 

Gain: X 12. 

Risetime: ‘5 mu sec. 


PULSE GENERATOR TYPE 1 
Risetime: 1 mu sec. 

Pulse amplitude: + 125v to —125v. 
Pulse repetition rate: 50 to 150 cps. 
Pulse width: 4,50 and 100 mu sec. 








Overleaf the new Selection Charts for Klystrons and  detoils 
Photomutiplier Tubes. 


Your new detachable short catalogue of 


Precision Instruments 
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For “that little bit extra” 


[alerranti 














choose 


TEST EQUIPMENT 





THE FERRANTI 
LABORATORIES, EDINBURGH 


Standard!Signal Generator TF 867 (at 
right) being used in conjunction with 
the F.M./A.M. Signal Generator TF 
995A/5, and two Marconi voltmeters, 


With a reputation to live up to, it pays to invest in the to assess the performance of a C.W. 
best. “ There’s safety in certainty” say Ferranti Ltd., Amplifier in the presence of an F.M. 
and a look round their laboratories shows how much signal. 

they rely on Marconi instruments. Very much in the 
picture is the Standard Signal Generator TF 867, a 
precision laboratory instrument covering the frequency 
range 15 kc/s to 30 Mc/s. Features include a high quality 


r.f. output, a built-in crystal calibrator, automatic level 
control, and sinewave a.m. monitored and variable to 
100%. An alternative version, the TF 867/2, has special 


features of particular value when testing narrow-band 


communication receivers. For full details of these | | ST R U pe ee ae TS 


instruments write for Leaflet J 183. 








THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY METERS - VOLTMETERS - POWER METERS - DISTORTION METERS 
TRANSMISSION MONITORS - DEVIATION METERS - OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS - Q METERS & BRIDGES 


London and the South: Midlands : North: 
English Electric House, Strand, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone : 1403 Telephone : 67455 
Export Department : Marconi Instruments Ltd., St. Albans, Herts, England. Telephone: St. Albans 59292 


REPRESENTATION IN 68 COUNTRIES 
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This Ediswan Valve is specially designed for controlling 
the HT supply of High Frequency heating equipment. 
With a PIV rating of 10 kV at 3 amps plus a maximum mans —_o 

eater Current (nominal) (Amps) 
surge rating of 20 kV PIV, it fills a gap not previously Absolute maximum PIV surge rat'ng (KY) 


covered by any other valve of this type. It is surprisingly re ie saa 


BRIEF SPECIFICATION 


small for a valve with such a power handling capacity, MOUNTING POSITION Base Down (Vertical) 
and as it has been produced specifically for this work it 

costs less than any other available type that might be MAXIMUM DIMENSIONS Diameter 51 mm 
adapted for the purpose. annimectaniane 


Overall Length 248 mm 


If you want to know more about this valve and discuss its application to your own equipment—write to us 


EDISWAN INDUSTRIAL VALVES & CRT’s 


Associated Electrical Industries Limited 
Radio & Electronic Components Division 


1655 CHARING CROSS ROAD, LONDON WC2 TELEPHONE GERrard 9797 = 
TA 16 164'st 
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manufacture the largest range of 
servo motors in the world 
Please ask for Publication EO.320 


IN TERNATIONAL INSTRUMENTS DIVISION 

EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS CHISWICK - LONDON, W.4 
Phone: CHiswick 3670 Telegrams & Cables: Megger London Telex 22583 


’ 
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Introducing... 
The Short simLac 


to be more exact 
THE SHORT SIMLAC ANALOGUE COMPUTOR 


Shorts, who have produced more analogue computing equipment 
than any other company outside the USA, have built all 

their experience into the new SIMLAC high accuracy analogue 
computor. The instrument is designed for the computor user 

and equipped to his specification. Easy to operate, 

simple to set up, with greater flexibility and higher operating 
standards than those of any comparable computor in 

the world today, the SIMLAC has a virtually unlimited range. 

itis suited in particular to problems of nuclear kinetics, 

chemical process control and electrical generation. 


0.01%, oven-stabilised computing elements 


Detachable patch panels give complete flexibility without crossed cords 





Repetitive and continuous operation 

















Unique high performance amplifier 


Unrivalled comprehensive automatic selection, setting and checking systems 











Punched tape programming as optional extra 


Write for illustrated brochure and data sheets to 


COMPUTOR SALES DEPARTMENT SHORT BROTHERS & HARLAND LTD 


EAST INDIA HOUSE, 208a REGENT STREET, LONDON, W.1. 
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The range of grade one microwave instruments produced 
by Decca Radar Limited is continually being improved and 
augmented. One of the latest additions is a WAVEGUIDE 
SWITCH of advanced design available in most of the 
popular waveguide sizes. It is suitable for either hand or 
mechanical operation. 

These efficient modern waveguide switches are of the 
four port, two channel rotating drum type. Their principal 
design features are listed on the right. 

The 1960 edition of the Decca Microwave and Special 
Components Catalogue covers microwave instruments, 
special test equipment, thin film metallised glass elements and 
gives details of the “ Deccaform” copper electroforming 
component service. 


DECCA RADAR 


APRIL 1961 
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DECCA 


Microwave 
Instruments 


RELIABLE AND 
CONSISTENT 


@ High adjacent channel isolation from 80 
to 100 dB. 


@ High power handling capacity unpress- 
urised. 


@ Good match over the whole waveguide 
frequency band. 


@ No rubbing contact surfaces. 
@ Rugged construction. 


@ Designed for both normal atmospheric 
and high pressure operation. 


@ Suitable for hand or mechanical control. 


These switches can be manufactured with other 
switch combinations, for which the company 
would be pleased to receive enquiries. 


Microwave Sales Division 

DECCA RADAR LIMITED 

DECCA HOUSE - ALBERT EMBANKMENT 
LONDON :- S.E.11 - Telephone: RELiance 8111 


w OR 127 
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FREQUENCY METER 


Series 1765 Mark Ii 








PS ye 


ig 


bs 5 
tare 


* 
available with additional 


remote indicator facilities 


@ Brilliant digital display clearly readable at a distance of 30 feet. 
@ Counting speeds to 100 kc/s (5 digits) or 10 kc/s (4 digits), 
to an accuracy of + 1 count, + 0.005% 


@ When used in conjunction with a magnetic or photo-electric pick-up 


enables direct readout in revolutions per minute. 











LILT J, LANGHAM THOMPSON LTD. 


aauwue BUSHEY HEATH-- HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 
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R-C Oscillator Type TF 110! 


A compact general-purpose oscillator 
giving a low-distortion output of § watt 
max. into 600 ohms. Frequency range 
20 c/s to 200 kc/s. Output level indicated 
by panel-meter and calibrated attenuator. 
A band-pass filter provides for a I-kc/s 
output of very low distortion 


Distortion Factor Meter Type TF 142F 


Measures total spurious content, up to 
30 kc/s, of inputs within the fundamental 
frequency range 100 c/s to 8 kc/s. Distor- 
tion measurement range: 0.05 to 50% 
The input can be at any level between 
500 mV and 500 volts 


Audio Tester Type TF 894A 


The TF 894A covers from 50 c/s to 27 
kc/s. It comprises a heterodyne oscillator 
and 0- to 50-dB_ 600-ohm attenuator 
combined with a three-range a.c. volt- 
meter which is available for external use. 
Output: 2 watts maximum at 600, 15, 
and 3 ohms. Voltmeter ranges: 80, 8, 
and 4 volts full-scale. 


A.F. Power Meter Type TF 1347 


A sensitive, accurate, direct-reading ins- 
trument. Its ten power ranges. covering 
10 uwW to 6 W, and 54-inch meter provide 
excellent discrimination. Impedance 
range: 2.52 to 20kQ in 11 steps. Fre- 
quency characteristic substantially flat 
from 50 c/s to 20 ke’s 


EE 32 059 for further details 


A.F. Power Meter Type TF 893A 


A wide-range absorption-type power 
meter for use in the frequency range 20 
c/s to 35 ke/s. The power measurement 
range is 20 u.W to 10 watts and the input 
impedance can be set to any of 48 differ- 
ent values between 2.5 ohms and 20 kQ. 


Wave Analyser Type TF 455E 


Gives amplitude and frequency of indi- 
vidual components of either audio signals 
or the modulation envelopes of r.f. signals 
up to 500 Mc/s. Its a.f. range is 20 c/s to 
16 ke/s and its amplitude measurement 
range is 30 uV to 300 volts. 


PRECISION AUDIO MEASUREMENT 


Measurements of audio performance to modern standards 
call for the very best in test equipment. Marconi’s offer an 
unrivalled range of instruments to meet the most exacting 
requirements at every stage in the design-production 
cycle. From first evaluation of laboratory models to 

final testing in the factory, and maintenance in the field, 
there is a Marconi instrument to meet the need. 

For full details write for leaflets J172. 


Please address enquiries to 
MORCONI! INSTRUA ENTS LTD., at your nearest office: 
London and the South: Enginsh Electric House, Sirand. London, W. .2. 
Telephone: COVent Garden 1234 
Midlands : Marconi House, 24 The Parade, Leamington Spa. Telephone: |! 408 
North: 23/25 Station Square, Harrogate. Telephone: 67455 


Export Department: Marconi Instruments Ltd., 
St. Albans, Herts. Telephone: St. Albans 59292 
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PLANNETTE 
ingenious construction makes for a really COMPACT 


In a tight corner ? Too much heat ? Not enough room for a blower ? K | ) W F R 
You need Plannette, the revolutionary new axial flow blower that is 
only 2” wide. Its simple construction makes it robust and quiet; it 
is lubricated for life and tropicalised. 
Easily fitted to the outside, inside or top of a cabinet, the Plannette 
reduces the air temperature in confined spaces, such as electronic 
cabinets, computers, power and industrial control equipment. Made 
by Plannair, the air movement specialists, as an aid to today’s 


demand for compactness. Write today for full 
technical information 





The Plannette is available in two sizes at alternative speeds: 
2,700 r.p.m.: 1,400 r.p.m.: 


44" delivers 80 c.f.m. at .15 s.w.g. 44” delivers 40 c.f.m. at .04 s.w.g. 
6” delivers 150 c.f.m. at .25 s.w.g. 6” delivers 75 c.f.m. at .06 s.w.g. 


The motors are a.c. and may be arranged either for 230V 1-ph 50/60 cycles or 
110V 1-ph 50/60 cycles. 





Specialists in air movement 


PLANNAIR 


PLANNAIR LIMITED - Windfield House - Epsom Road - Leatherhead - Surrey - Telephone: Leatherhead 4091/3, 2231 
PPLAS9 
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‘Cc’ CORES 


for open-type transformers 


‘ENGLISH ELEcTRic’ ‘C’ cores, developed specifically to meet the exacting 
standards of the electronic industry, provide smaller, lighter and more efficient 
transformers and chokes for interservice, industrial and commercial applications. 


The full range of ‘C’ cores in -013’, -004” and -002” grain-oriented steel strip 
complies with the requirements of the Standard Interservice range (RCL.193). 
Special cores can also be supplied on request. 


“ENGLISH ELECTRIC’ ‘C’ cores are suitable for use in oil filled, open type, or resin cast 
transformers. Clamping frames and other accessories are available and manufac- 
turers can obtain many of their component requirements from ‘ENGLISH ELECTRIC’. 


STAND 1329 HALL II ENGLISH ELECTRIC 


GERMAN INDUSTRIES TRADE FAIR 
HANOVER same sume 
pata. Wty. Senet ei, Wea Cc’ and ‘E’ cores 


THe ENGLISH ELECTRIC Company Limitep, ENGLISH ELectric House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD + PRESTON - " BRADFORD LIVERPOOL + ACCRINGTON 
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Plessey | 


TELECOMMUNICATIONS 


‘clear the air’ 


Plessey is everywhere, you'll find ... in the Royal Navy for example, 
where strike aircraft of the Fleet keep a watching brief on the skyways 
and maintain contact with the help of Plessey UHF. 


Behind this achievement are the extensive prototype and quality manu- 
facturing resources of the Telecommunications Division, inspired by the 
work of a unique research and development organisation. The Company 
recognises the need to segregate advanced thinking from the hustle and 
distraction of the factory. Accordingly, in addition to the Group Re- 
search Laboratories at Roke Manor and other specialised research centres 
already existing in the U.K., extremely well equipped laboratories have 
recently been established at West Leigh for advanced Telecommunications 
studies. In these establishments, the next generation of telecommunications 
equipment is already taking shape. 

In close support at all times are the complete resources of the Plessey 
Group of Companies which include unrivalled tool making and machining 
facilities, a full range of environmental testing and production laboratories, 
and the service of the materials laboratories at Caswell. 


Telecommunications Division 


Electronic & Equipment Group THE PLESSEY COMPANY LIMITED 


Ilford + Essex + Telephone : Ilford 3040 
Overseas Sales Organisation 


Piessey International Limited - Ilford - Essex 
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modular instruments 
for industrial 
Process control 

and data handling 


: 
q 
F 
q 
[s} 


This Operational Amplifier is built en a7 inch x 7 inch printed wiring board 
for easy incorporation into other equipment. Usually it plugs in but for 


extra reliability it can be wired in. 


The Amplifier can be used for differentiating, integrating, linearising, 


oO - E R & T i oO ™ & L analogue to digital, voltage to digital and frequency to voltage conversion 
It is one of the basic circuits in the Dataflex range and is used in a number of 
A M P L 4 F . E R Dataflex Units. 
Note these features :— 
@ Completely transistorised 
@ High gain—10’ at d.c. reducing to unity at 2 Mc/s 
@ Transistor chopper for drift correction 
@ Extremely low input voltage and current drift 
@ Input noise less than 100, V 
Incidentally it costs only £40. 


Write now for details of this and other Dataflex Units to 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM : Telephone: Nottingham 75115 
ERI6 (FORMERLY ERICSSON INSTRUMENT DIVISION) 
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FASTEST 
OF ITS TYPE 
IN THE 
WORLD 


NEW MULLARD AVALANCHE TRANSISTOR 


Today you can specify a truly dependable avaianche junction transistor, for use in 
very high speed circuits. It is the Mullard ASZ23—a new purpose-made transistor 
that is manufactured by the Mullard alloy diffusion technique to give complete 
reliability of the avalanche mode. Mullard experience in the development of alloy 
diffused transistors has made possible the production of this high avalanche 
performance p-n-p junction transistor at a realistic price 

Here is a transistor to give the designer tremendous scope. The ASZ23 opens 
up a new field of nanosecond pulse techniques. A typical application is in the 
sampling oscilloscope circuit shown alongside 

Supplies of the ASZ23 are immediately available. omens 


60 mA pulse with rise time 


of 1 nanosecond 
—150V 


ct 
ASZ23 10pF 
ASZ 23 Alloy Diffusion p-n-p Junction Transistor: 


Absolute Maximum Ratings Typical Characteristics cola OA90 

Collector current ic (pk) max 100 mA at T junction=25°C 3 

Reverse emitter-base voltage V,,, max —2.0V Vcb turnover at 

Temperature Ratings Icom 1mA,le=0, — = 24V t 2m 
+ 


A 
Storage temperature limits —55 to + 75°C Rise time of output pulse in 
Maximum junction temperature 75°C _ Circuits shown - ins 





e A typical method of obtaining a predetermined 
Junction temperature rise above ambient...0.6° C/mW ph nmol Yon gg sp de sampling pulse by means of the ASZ23. 
Junction temperature rise above case ~..0.5° C/mW below : 


RT 
[‘Mullard| another ALLOY DIFFUSION transistor 
PF, 


MULLARD LTD - SEMICONDUCTOR DIVISION - MULLARD HOUSE - TORRINGTON PLACE - LONDON WCI - Tel: LANgham 6633 na 
® 
MIS30 
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4 THE 
PRECISION TUBES SYLVANIA-THORN 
: RANGE | 


fits everyone's precise requirements 


H 








MAIN TYPES 
Sylvania-Thorn make the largest range of helical PDA 


CRTs in the country - 13 different kinds in all. This means 
that when yourequireaprecisionCRT-Sylvania-Thorn has 





one to meet your precise requirements. All these tubes are 
made to demanding standards of accuracy, and with the 
closest regard to the instrument maker's needs. Each is 





specially designed for wide band width working and high- 
speed oscillography. Each employs a spiral post deflection 
accelerator, giving exceptionally high deflection 














sensitivities. Nowhere else will you find such a 
choice - or a choice of such fine tubes. 





WRITE FOR FULL DETAILS TO SYLVANIA-THORN COLOUR TELEVISION LABORATORIES LTD - GREAT CAMBRIDGE ROAD - ENFIELD - MIDDLESEX 
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The use of Conflex conduit system on the Telecine 
Routing Desk at the B.B.C.’s new Television 
Centre is a completely new approach to install- 
ations of this nature. Many troubles that are 
normally associated with circuit changing are 
completely eliminated. 


Advantages of this system are many and include: 


© A high degree of flexibility—no metal fatigue. 


* Terminations that fit British and American 
connecters, junction boxes, etc. 

* Eliminations of special cable lays, moulded 
harnesses and problems involved in encap- 
sulation. 


¢ Simplification of connecter wiring and easier 
conductor changes. 


* Jn situ assembly that requires no special tools. 


® Provision for double-screening on R.F. 
circuits. 


%* Write for full technical details. 


APRII 1961 
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* Spindles for “Grub-screw” and “Push-on” fittings 
Pre-sets and other ‘specials’ 
* Control units with or without D.P. Switch. Log 
or Linear Tracks 


Radiospares Ltd. 


( 4-8 MAPLE STREET - LONDON - W-I - ENGLAND 
RS Telephone : EUSton 7232-9 
Telegrams: RADOSPERES, WESDO, LONDON Cables: RADOSPERES, LONDON 
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mow, 
gust 


tube counts 
_ Selects 
wmedicates 


Here is a tube which can be used either as a counter and indicator, or 
selector and indicator—just as you require. It’s the Mullard Z504S—a 4kc/s tube of all- 
glass construction. Modern techniques make economically possible these functions in 
one envelope. The Z504S brings you economies from every angle. It is a remarkably in- 
expensive tube . . . and achieves some really welcome economies in equipment space. 
Moreover it is made to close mechanical tolerances and so avoids the need for post- 
assembly adjustments. Jf you would like to know more about the new multi-purpose tube, 
just write Mullard quoting reference D4104. 


ae 
uliar MULLARD LIMITED - Mullard House - Torrington Place - London W.C.1 [Mullard] 
GOVERNMENT AND Telephone: LANgham 6633 A 


INDUSTRIAL VALVE DIVISION 





FP) MVTB 410 
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WIEDEMANN 


pierces the Time and Cost Barrier.... 


Wiedemann cuts the cost of short and medium run 
piercing by as much as 85% and does the job much 
better and much faster. No more marking out— 
No more setting up, drilling, flycutting, chiselling 
out or finishing to size and no more costly tooling. 
Modifications or complete changes of layout made 
quickly, easily, cheaply. 


Write for Wiedemann Brochure No. EE 176 and 
study the ‘hole’ time and cost questiou—and send 
sketches of some of your jobs and ask for time studies. 


BRITISH WIEDEMANN TURRET PUNCH PRESSES 


RA. 41P with pantograph table and stylus for rapid 
hole location. Throat depth 28” with 16, 18 or 20 turret 
stations. 30,000 lbs. capacity. Other models—hand and 
power operated—15,000 to 160,000 lbs. punching pressure. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 lines) Telex: 23182 Groms: ACCURATOOL LONDON TELEX 
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NUMICATOR 


miniature, in-line, digital display tube 


* Miniature side viewing tubes for the 
most compact numerical presentation. 
Flying lead connections for maximum Our specialised experience in the design and 
convenience and reliability. manufacture of cold cathode tubes and neon 


* Available with numerals from 0 to 9. indicators ensures the high quality, con- 
Fractions, plus and minus signs and sistency and long operating life of Hivac 
special symbols are also possible. Numicators. They can be operated in a variety 
of ways: from cold cathode tubes or from 


All digits appear in the same positi é : 
* g PP he sa POON, mechanical and electromechanical switches. 


as seen from the front. Numicators 
accordingly offer the very great advan- 
tage of in-line display. 


%* Hivac Numicators have all the normal io IVAGC ti VM ‘TE DB) 
advantages of neon indicator lamps—low 

consumption, low temperature operation, STONEFIELD WAY * SOUTH RUISLIP * MIDDLESEX * Telephone: VIKING 1288 
and freedom from risk of sudden failure. A member of the A.T. & E. Group 
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Ideal for Computer, 
Radar, Aircraft and 
other applications 
where miniaturisation 
is important 


FIVE TYPES cover max. working| voltages from 
60V to 300V. Construction: hermetically sealed 
g/ass envelope with wire /ead at each end. 





An important AEIl series of 


TRULY MINIATURE 
7-amp SILICON DIODES 


SPECIFICATION DETAILS 


MINIATURE SIZE 

HIGH RATING 

LOW LEAKAGE 

LOW FORWARD VOLT DROP 
JUNCTION CAPACITANCE 
STORED CHARGE 





Body only 7/64 in. dia., in. long, overall length 2+ in. 
250 mA max. mean forward current 

1.04A max. at 25°C at max. P.I.V. 

1.0V max. at 200 mA 

5 pF max. at—1.0V 

20 mt C max. (lp=10 mA, Ve=—10V, R=1000 a) 


Please write for information Sheet EAD. 8012-1 and address enquiries to your nearest AE/ Regiona/ or District office, or 


Associated Electrical industries Limited 


APRIL 1961 


Electronic Apparatus Division 


VALVE AND GEMICONDUCTOR SALES 
LINCOLN, ENGLAND. 
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ELECTRONIC ENGINEERING 


PARIS FROM MAY STH TO MAY 17 TH 1961 


MESUCORA 


INTERNATIONAL EXHIBITION 
MEASUREMENT - CONTROL - REGULATION - AUTOMATION 
AND 58TH EXHIBITION OF THE 
“SOCIETE FRANCAISE DE PHYSIQUE” 





— First French Exhibition exclusively devoted to these techniques, the most impor- 
tant and the most international one realized in Europe. 

— International Congress, the subject of which will be “Recent progress in the 
fields: of Measurement, Control and automatic Regulation, resulting from the co- 
operation of the Techniques (electric, electronic, mechanical)”. 

— 700 Exhibitors - 14 nations - 35.000 square meters. 

— The most recent discoveries and appliances of the theoretic and experimental 
research. 

— Most refined measurement and control equipments, materials and methods ; their 
applications to regulation and automation in the fields of the industry and of the 
public services. 

— An unprecedented gathering, an international confrontation of the highest techni- 
cal value which 

ALL the responsible persons in industry and the public services 

ALL engineers and research workers 

ALL teachers and students of the technical and scientific Upper Teaching 


MUST VISIT 


centre national des industries etdes techniques 


Call on : MESUCORA - Service Propagande - 40, rue du Colisée - Paris 8° - 
Tél. BALZAC 77-50 


FRANCE for the complete documentation, stating if you want it in French, German 
or English. 
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MINILOG 


MINILOG MKII: Panellit's new, im- 
proved TRANSISTORISED, MINIATU- 
RISED, ENCAPSULATED ‘“ building 
block " logic at lower cost and quicker 
delivery. 


Every engineering designer should know 
about Minilog Mkil, used exclusively in 
Elliott Computers, Controllers, Data Pro- 
cessors, Optimisers, etc. /t is now accessible 
to all engaged in the design of systems and 
equipment involving a logical function. 


One basic element provides a speedy, re- 
liable method of designing and producing 
logical function devices. Power elements are 
available for process control power drive. 
Development effort is reduced to logical system 
design on paper. This can be translated 
directly and confidently into functional 
equipment. 


Write or telephone for detailed information on this ‘‘new concept"’ logic building block, desicned 
and used by the leading company in the flekd of automation 


PANELLIT LIMITED 
Elstree Way, Borehamwood, Herts. Elstree 2040 


Ly A member of the Elliott-Automation Group 


rs 
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The Xeronic High-Speed Computer 
Output Printer, for use in conjunction 
with electronic computers, has been 
designed and developed by Rank Pre- 
cision Industries Limited, who specified 
‘Electrosi!’ metal oxide film resistors. 
No normal method of printing can keep 
up with the very fast output of the many 
modern electronic computers designed 
for data-processing applications. Work- 
ing with the computer, the Xeronic Printer 
achieves speeds of up to 48 lines per 
second of clear, readable characters. It 
will print its own forms; tabulate, both 
horizontally and vertically; can suppress 
information; and its associated apparatus 
will cut and stack documents automatic- 
ally at a speed comparable to that of the 
printing. 

The Xeronic High-Speed Output Printer 
employs the principle of xerography, in 
which the photo-conductive properties of 
selenium are used to convert an optical 
image into printing on plain, unprepared, 
unsensitized paper. Input signals are 
converted electronically, using fully tran- 
sistorized control logical circuits, into 
waveforms which are fed into the cathode 
ray tube. ‘Electrosil’ Style N.20 resistors 
are used in large quantities in these 
circuits where very high stability and 
reliability are essential. A drift of less 
than 1% in these resistors would cause 
distortion of the waveforms, and drifts of 
larger magnitude, or total failure, would 
cause printing errors. 


The construction of the ‘Electrosil’ 
resistor introduces a new concept of 
resistor ruggedness and reliability. Metal 
oxide film is fired on to the surface 
of glass rod in a continuous process, 
which ensures consistent film quality and 
uniformity. The film is guaranteed not to 
lift from the glass former under even the 
most adverse operating conditions and 
can only be removed physically by grind- 
ing away the surface of the glass itself. 
The resistors may be operated at elevated 
temperatures up to the softening point of 
the glass but continuous operation is not 
recommended above 350°C. 

‘Electrosil’ resistors contribute towards 
the high efficiency and reliability of the 
Xeronic Printer and are being specified in 
increasing quantities by manufacturers 
of quality equipment. 

Why not write to us and obtain further 
information? Our representatives would 
be pleased to call on you to discuss your 
specific problems. 


Electrosil 


Regd. Trade Mark 


METAL OXIDE FILM RESISTORS 
Further information on request to: 


Electrical Sales Dept., 
JAMES A. JOBLING & CO. LTD. 
Wear Glass Works, Sunderland. 


Telephone: 57251 


Rank 
Precision Industries 
specify ‘Electrosil’ 


ELECTRONIC ENGINEERING 


Limited 


APRIL 
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ELECTRONIC 
INSTRUMENTS 


For up-to-date information 
on new instruments and applications, 
write to-day for the current issue of our 
FREE technical bulletin “‘ Dawe Digest ”’ SOUND-LEVEL METERS 
Thereafter, it will be forwarded Types 1400 (transistorised), 1405, 
regularly each quarter. 











— STROSOSCOPES AUDIO OSCILLATORS 
VALVE VOLTMETERS Hoag hi “ong aoe cr Types 421 (cransigtorived), 440, 
Types 612, 613 & 614 Dosrer Rigeat 441, 442, 443, 444 & 445 


Ful! cechnical info: mation of the entire range of Dawe instruments ;orwarded on request: 


DAWE INSTRUMENTS LTD., HARLEQUIN AVENUE, GREAT WEST RD., BRENTFORD, MIDDX. {!SLEworth 7331/5 
A MEMBER OF THE Sa” GROUP OF COMPANIES 
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Data and 
Control 
Nultiplex 





Equipment 


UTILISE YOUR CABLES MORE 
EFFICIENTLY! 
By using GEC Data and Control 


Multiplex Equipment, large numbers 
of control signals and back indications can 








be sent simultaneously over a single pair 
of wires or radio link. 


APPROVED FOR USE OVER POST OFFICE LINES 
The equipment is already used and acclaimed by 
many industries including: 


Railways Oil Processing 
Mining Electricity Supply 
Aviation Communications 





ELECTRONICS FOR INDUSTRY 


Please write for further information to: 
THE GENERAL ELECTRIC COMPANY LIMITED 


Electronics Division -Lower Foro Street Coventry - England 
Smee's G.E.C. 65 
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eeelt's Cossor... 
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Model 1076 


1 d.c. to GOMc/s at 50mV/cm 





Full 6cm vertical display 





3 Rise time 6-7 nanoseconds 





Accepts wide range of X and 
4 Y plug-in units 





Average price (U.K.) £650 
> according to 
plug-in units supplied 





6 British manufacture... 
of British components 
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COSSOR MODEL 1076 
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why Cossor Model 1076 


is acknowledged 
the best Oscilloscope 


A unique variety of exceptional facilities is for the first time available in the one oscilloscope. To 


meet any of your requirements, simply insert the appropriate plug-in units from the following range. 


Wide band pre-amplifier d.c. — 60 Mc/s (-30%) at 50 mV/cm 
2-3 cm linear output as 100 Mc/s plug-in unit Type 1078 


Normal sweep trigger unit. Manual and automatic trigger; 
h.f. sync. X amplifier input 1V/cm, d.c. — 2Mc/s. 
plug-in unit Type 1079 


Differential pre-amplifier 1mV/cm, d.c. — 1Mc/s 
in-phase rejection ratio 10,000:1 p/ug-in unit Type 1080 


High gain wide band pre-amplifier 5mV/cm, 3c/s — 40Mc/s 
and 50 mV/cm, d.c. — 60 Mc/s plug-in unit Type 1081 





Precision delayed sweep trigger unit. Calibrated delay time 
2us — 10 seconds. Separate trigger selection for delaying 
sweep and main sweep. ‘‘Lock-out"’ delay for jitter-free display. 
plug-in unit Type 1082 


Calibrated delay unit. Delay time 107s — 50 ms. Time stability 
1 in 20,000. X amplifier input 1V/cm, d.c. — 2Mc/s 
plug-in unit Type 1083 


Dual channel pre-amplifier. 50 mV/cm, d.c. — 40 Mc/s on both 
channels. Each channel can be presented individually, on 
alternate sweeps, or the two together in algebraic sum. 
Alternatively they can be switched at 100 kc s, for the 
examination of low frequency signals. p/ug-in unit Type 1085 





Other Cossor Instruments: 

Cossor Oscilloscopes and Ancillary Equipment - Signal Generators 
Amplifiers * Transistorised Power Supplies * Transistor Testers 
LCR Bridges * Valve Analysers * Signal Delay Cables and Units 


| require full information and specification on Model 1076 
| require details of all Cossor oscilloscopes and otherinstruments 


| require technical representative to call 


NAME 





Cossor Instruments Ltd. 
Cossor House, Highbury Grove 
London N 5 

Telephone Canonbury 1234 


TELEPHONE 


COMPANY 


ADORESS 
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SIZE 11 SERVOMOTOR - TACHOMETER GENERATOR & 


This latest addition to the Muirhead range of servo 
components, has an output at 1000 rev/min to FOR 
fundamental null ratio exceeding 50:1, thus making 


it first choice for use in high performance servos. 


Other parameters are as follows: MUIRHEAD 


Motor Generator 

Stall Torque 0.63 oz. in Output Voltage 0.6V/1000 rpm 
No Load Speed 5600 rev/min Fundamental Null |2mV 

Input Power 3.5 watts Total Null 19mV TECH N IQ U E 
Time Constant 0.017 sec Phase Shift 6 degrees 
Overall Length 2.265 ins Weight 6 ozs 














A quarterly 


Order one for your prototype now 
journal of instrument 


Full data sheet available 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckanham 4888 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada the 
Telephone: 271-3880 
MUIRHEAD INSTRUMENTS INC. 
441 Lexington Avenue, New York 17, N.Y., U.S.A. Id 
Telephone: Murray Hill 2-8131 wor 


engineering 


Mailed on request to any 


part of 








APRIL 1961 (H) ELECTRONIC ENGINEERING 





EE 32 078 for further details 


The printed circuit is at the heart of all 
progress in radio and electronic construc- 
tion. Around this nucleus the designer builds 
—more compactly, more efficiently, more 
economically than ever before. But just as 
important as the design of a receiver, a 
transmitter, a computer or any other device 
is the design of the printed circuit board 
itself. Here stands Bribond. Ready to co- 
operate with advice on circuit planning, with 
suggestions for prototypes and trial runs, 
with production facilities for flow delivery of 
the requisite boards by the week or the 
month to meet output schedules. Consult 
Bribond for all forms of the printed circuit. 


BIR IBONID printed circuits 


A. oe. A&P PROVE OB 


BRIBOND LTD., BURGESS HILL, SUSSEX. Telephone: Burgess Hil! 8561! | 
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MINIATURE 
MOVING COIL 
SERIES 


GATE OPERATED 
SERIES 


PNEUMATIC 
TIME-DELAY 
SERIES 


Illustrated technical data sent on request: 
ELECTRO METHODS LTD., General Products 
Telephone: Stevenage 2110-7 
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HIGH VOLTAGE 
SERIES 


HIGH CURRENT 
SERIES 


NORMAL DUTY 
SERIES 


MINIATURE 
SERIES 


PRECISION 


RELAYS 


Division, CAXTON WAY, STEVENAGE, HERTS. 





EE 32 080 for further details 


MULTI-SOCKET 
INDICATOR STRIP 


Simplifies indicator problems for the 
designer and the installation engineer. 


The new Thorn multi-socket indicators are ideal for use with computors and 
illuminated read-out devices. They are produced in strips of twelve sockets 
with 4 or ? in. centres. Only one earth connection is required irrespective of 
the unit length employed. 

An Easy-mount single socket similar to the indicator strip is also available, and 
can be used separately or in conjunction with multi strip-socket. 

Lamps are available in 6, 12, or 28 volts, 35—45 mA, with a burning life of 
3,000—5,000 hours. Plastic nylon caps are obtainable in White, Red, Yellow or 
Green, these fit directly over the lamp and eliminate the need for prismatic jewels. 


For further information write to 
| THORN ELECTRICAL INDUSTRIES LTD + SPECIAL PRODUCTS DIVISION 
(incorporating Components and Connectors), Great Cambridge Road, Enfield, Middlesex. ENFIELD 5353 


DTV/# 
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In the wide and ever growing field of electronic instruments, 
Livingston Laboratories offer a unique service in the form 
of expert advice in the choosing of equipment to meet 
your needs. 

Many thousands of electronic instruments of all types are 
included in our range of products from more than 100 
manufacturers at home and abroad. 


Call in our Field Engineers or visit us at Camden Road to 
discuss technical problems of instrumentation and the new 
techniques being developed on both sides of the Atlantic. 


The solution to your problems may be as near as your 
telephone — ring GULLIVER 8501 for all your electronic 
instrument needs. 
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NEW 


UNDER ONE/ROOF 


... INSTRUMENTS FROM A SELECTION OF THE WORLD'S BEST 


MANUFACTURERS, BRITISH & OVERSEAS 


Better premises for us mean:— 


An expanded technical service. 
Better service for you the customer. 
Car park. 

Demonstration rooms. 

Easy access. 

Facilities which are right up to date. 


Good jobs for more engineers. 


Why not come and 


see for yourself—soon. 


Some of the manufacturers outside Great Britain whom we represent and 
for whose products we offer full service facilities: 


BIRD ELECTRONIC CORP. e BOONTON RADIO 
CORP. @© BRUSH INSTRUMENTS © DYMEC INC. ¢ 
E.H. RESEARCH LABORATORIES INC. © ELECTRO 
SCIENTIFIC INDUSTRIES INC. ¢ EMPIRE DEVICES PROD. 
CORP. @© JOHN FLUKE MANUFACTURING CO. e 
HEWLETT-PACKARD CO. @ KAY ELECTRIC CO. @ 
KEITHLEY INSTRUMENTS INC. © ARTHUR KLEMT e@ 
MAGNETIC A.B. ¢ F. L. MOSELEY CO. © NON-LINEAR 
SYSTEMS INC. © RADIO FREQUENCY LABORATORIES 
INC. © RADIOMETER « S.1.D.E.R. © TEKTRONIX INC. @ 
TELECHROME MANUFACTURING CORP. @© VARIAN 
ASSOCIATES (Microwave Tube Division), etc. 


LIVINGSTON LABORATORIES LIMITED 


31 CAMDEN ROAD - LONDON .:- N.W.I. 


Telephone: Gulliver 8501 (10 lines) 
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It takes a brilliant mind and an orderly one 
to design and develop new installations 
and electronic techniques appropriate to 
the problems of the 60's. The skilful 
manufacture to these designs by the 
craftsmen, using every type of aid, is 
equally important. Based on the experience 
of the Black Knight Research Vehicle 
a Programme and a wide range of commercial 
Data amplifiers contracts, the standard of neatness and 
Automatic typewriter system finish, essential to long trouble-free life is 
a particular feature of Saunders- Roe 
Pressure & Load transducers electronic apparatus. If you have an 
Torque Measurement engineering problem, we may be able to 
. offer you a solution, based upon the latest 
Electronic Design Service electronics engineering techniques. 


Counter Timers 


Se AWA BRIN BLD EE SES a nk OL 
A member of the Westland group of companies 


ELECTRONICS DIVISION 
OSBORNE WORKS EAST COWES ISLE OF WIGHT 


Telephone - Cowes 2211 
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TURNERS 








PRODUCTS 


A comprehensive range of p.t.f.e. products is available 
including Veneered Tapes, Gland Packings, — in "U”", “"V” or 
special sections ; Solid Gaskets, Washers and Discs, Envelope 
Gaskets, Vaive Discs, Valve Seatings, Diaphragms, Expansion 
Joints, Flexibie Joints and Plaited Packings, made either 
from 100°, p.t.f.e. yarn or p.t.f.e. impregnated asbestos yarn. 


wide temperature 
range 


chemically 


inert p.t.f.e. products 








excellent electrical TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


properties 
A MEMBER OF THE TURNER & NEWALL ORGANISATION 





low co-efficient 
of friction 
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THESE POLYTAGS ARE MINIATURE IN PRICE TOO! 

Clix prices keep going down, and on this range of miniature polytags, they’ve gone 
about as far as they can go. But there’s nothing cheap about the specification, 
materials and workmanship—they’re all up to Clix quality plus PTFE insulation and 
silver-plated brass contacts. This is an entirely new range—4 feed-through and 2 
stand-off types—available in 11 colours for coding in accordance with BSS cable 
colour code. They’re coming off of our greatly expanded production line in large 


numbers and we'll be happy to quote you for any quantity. 


Fea © |. ELECTRONIC COMPONENTS 


Associated Electrical industries Limited - Radio & Electronic Components Division - 155 Charing Cross Road - London WC2 - Telephone: GERrard 9797 
ORC 17/41 


ELECTRONIC ENGINEERING t APRIL 1961 





EE 32 085 for further details 


ACTUAL SIZE 


CONNECTOR’ 


Conforms to BS.415 


The silver-plated contacts are separated by adequate creepage barriers. 
Of contemporary appearance, small dimensions, and exceptional 
strength, this is the connector for all modern electrical and electronic 


equipment of moderate power rating. 


| PLUG 


Tough nylon mouldings, / Robust phenolic moulding. 
almost unbreakable. > 


Fully shrouded beryllium-copper 
Transparent cover for instant “—~ sockets. 


inspection of wiring. Single-hole fixing, with 


Fully shrouded pins, with 7 anti-twist dowel. 


screw terminals. Solder buckets for connection. 


Right-angle cable entry, with 
efficient cable clamp. Write for fully descriptive leaflet, P.518 


Most ‘‘Belling-Lee’’ products are covered by 
potents or reg stered designs, or application 


TERMINALS - PLUGS & SOCKETS* - GLASS SEALS 
CIRCUIT PROTECTION DEVICES BELLING ¢ LEE LTD 
INTERFERENCE FILTERS - RECEIVING AERIALS GREAT CAMBRIDGE ROAD. ENFIELD, MIDDX., ENGLAND 


Telephone: Enfield 5393 - Telegrams: Raciobel, Enfield 
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TO DESIGNERS 


PROTOTYPE & MAINTENANCE ENGINEERS 


Fags 
i 
MG 


he 


; 
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4 yy , 
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%, 


prehensive range 
nic Components. 
our requirements. 


We produce a com 
of high-quality Electro 


Consult our catalogue for y 
Our “By Return” Service will ensure 


immediate despatch of your orders. 


Radiocpares Ld. 


ENGLAND 


LONDON - w.l ° 
EUSton 7232-9 


4-8 MAPLE STREET * 


Telephone 


Cables: RADOS PERES, LONDON 


RADOSPERES, WESDO, LON DON 


Telegrams: 


ELECTRONIC ENGINEERING 
APRIL 1961 
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For Electronics, Radio 
& Telecommunication 
PINGS wo we 

Repay ye forme 
aS 





SHEET Maximum width 24°. Minimum thickness 0°006" 


STRIP Maximum width 18". Minimum width 4° 


Minimum thickness 0005” 


WIRE Maximum diameter §”. Minimum diameter 0°0025" 


Specialities High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948) LTD. NORTHWOOD STREET ROLLING MILLS. BIRMINGHAM 3 
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SERVOMEX 
tabilised D.C. Power Supplies 


A range of relatively high power d.c. stabilisers capable of standing 
heavy overloads and suitable for continuous industrial use by 
unskilled people, and even students. Although the correcting 
mechanism is mechanical, the response time is shorter than many 
magnetic stabilisers of similar power. Small errors are fully 
corrected in 100 milliseconds. 
The range comprises: 
DC.60 24-240 voits 0-5 amps DC.58 6-60 voits 0 to 20 amps 
DC.59 12-§20voltsOto10amps DC.56 3-30 volts 0 to 40 amps 
@ Ripple at full load, about0.1% @ The workmanship and the 
R.M.S. bulk of the components are to 
id a military specifications, robust, 
@ Stability t 0.3% of the easily serviced by non-special- 
maximum voltage of the ists, and suitable for tropical 
instrument. climates. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 
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shown above is a specimen of the work done 


SERVOMEX 
New Field Plotter FP92 


This novel device can be applied to field problems in many branches 
of science and engineering; in fact, wherever the inverse square 
law applies. The interesting example above shows lines of electric 
equipotential in the insulation of a transformer. Observe that the 
electric stress has been magnified near the windings, because the 
equipotentials at these points have been plotted every 5% instead 
of every 10% as in most of the field. The price is £33, delivery from 
stock. 








This field plot was supplied by the courtesy of the Transformer Development Department 


of Ferranti Limited, Hollinwood. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 
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DIRECT PHASE and AMPLITUDE MEASUREMENTS 
in POLAR (re) and CARTESIAN (ajv) CO-ORDINATES 


oo me --o-- =e, 


* e gare % 
{ 7 at a “a, i 
SELARTRON 


“ “s<% . 


“————" ~eaoe” 


TRANSFER FUNCTION ANALYSER 


(T.F.A.) 
AND 


REFERENCE RESOLVER (ux 746) 


Signal in Polar (R, ©) and Cartesian (a, jb) Coordinates 
Frequency range 0.1 c/s — 1 kc/s(- 2°, accuracy) 
Identification of vector quadrant 

High sensitivity (50 mV F.S.D.) 

Discrimination against noise and distortion 

Optional Log Amplitude/Phase indication for Nichols chart 


The Solartron T.F.A. and Reference Resolver JX 746 combina- 
tion is unique in that it provides the required response of a 
system in a form suitable for the direct plotting of Nyquist and 
Bode diagrams. 

The JX 746 extends even further the versatility of the already 
world famous Solartron T.F.A. and provides a digital display 
of phase angle. 


The basic principles of this new technique in dynamic analysis 
are best explained by reference to the following experimental 


procedures. 


§ To plot the Frequency Response of a given system over the range 
0.1 c/s —1 Ke’s in Nyquist and Bode form. 


il To plot Amplitude and Phase Difference between two elements within the loop. 


APPARATUS 


1. Oscillator (OS 103.2) 
2. Resolved Components Indicator (VP 253.2) 
3. Reference Resolver (JX 746) 


LAYOUT 


3rd step: 


By means of Reference Resolver 
(JX 746) rotate reference axes of the 
Resolved Components Indicator until 
the quadrature meter reading is zero 
(see fig. 2) 


4th step 











SYSTEM UNDER 
| OSCILLATOR | 7 














Ss 








RESOLVED COMPONENTS 


INDICATOR 


METER | 


a 
R 


TEST 4 
> P {>Pe IN- PHASE QUADRATURE 
a i METER2 


yp 


Note R reading on Reference 
Meter 1 and digital reading on 
JX 746 Plot on Nyquist and Bode 
diagrams. 
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METHOD 
1 Overall Frequency Response (at P:) 


1st step: 


ed 


Amplitude and Phase Comparison between two points in the system 
(P, and P2) 


Having already resolved P, into R and > form, switch Resolved Com 
ponents Indicator to P, and repeat the 3rd step. 
Note differences in Amplitude and Phase on Reference Meter 1 and 


Feed system under test with accurate frequencies over 0.1 c s to1 kc s JX 746 respectively 


(Oscillator OS 103.2) 


2nd step 

Observe in-phase and quadrature 
components ‘a’ and ‘jb’ shown on 
Meters 1 and 2 of the Resolved 


90° 


jb 


A 


RESULTS 











Components Indicator VP 253.2. (see 
fig. 1) 
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The ease of operation and high measuring ac- 
curacy of Solartron T.F.A. and JX 746 are unsur- 


passed in the field of dynamic analysis. These 
are precision instruments for determining the 
behaviour of— 

Electrical, Mechanical and Hydraulic Servo systems 
—Amplifiers — Networks — Self Regulating Sys- 
tems—complete Servomechanismsand Regulators 
—Automatic Process Control Equipment—etc— 
under all operating conditions. 


The Solartron T.F.A. comprises 
the L.F. Decade Oscillator (OS 103-2) 
and the Resolved Components Indicator (VP 253-2) 





RESOLVED COMPONENTS INDICATOR VP 253.2 
(Frequency coverage 0.5 c's — 1 kc’s) 

This is an L.F. Valve Voltmeter with two special 6” diameter meters indicating 
in-phase and quadrature components of the signal voltage with respect to a 
reference voltage of the same frequency 

Spurious noise and harmonics are cancelled out in the unique measuring method 
employed in this instrument. An amplifier overload indicator ensures that no 
false readings are taken on the meters, which are themselves protected against 
overload. 


THE REFERENCE RESOLVER JX 746 
(Frequency coverage DC — 1 kc/s) 
Specially designed for use with the Solartron T.F.A., enables the transfer informa- 
tion to be expressed directly in terms of amplitude and phase. The phase angle 
is displayed by three digital indicators 


L.F. DECADE OSCILLATOR OS 103.2 
(Frequency range 0.01 c/s — 11.1 kc/s to cover sub-audio and audio) 


This oscillator, specially designed for T.F.A., generates low distortion sine-wave 
4 phases — 0°, 90°, 180° and 270 

A built-in meter gives an accurate level indication of the stabilised output dow: 
to the lowest frequency 

A precision attenuator enables the 10 V stabilised output to be accurately 
attenuated in 108 steps down to 10 mV 

A square-wave output is also available, covering the same frequency range and 
of continuously variable amplitude up to 17 V pk-pk. 


For full information write now to: 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 


Cox Lane, Chessington, Surrey. Tel: LOWer Hook 2150 sy () | \ icy vr) ON 
Cables: SOLARTRON CHESSINGTON ~ rAd ds 
Telex: 23842 SOLARTRON T.DIT. 


3D A member of the Firth Cleveland Group 


EE 32092 for further details 
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Special Works Memo 


ac ae Oduction Engineering and Process Contr ol Depts. 


FROM... Gh ef Engineer, Special Projects Division. 


Tests have been ° new Armstrong Whitworth 
Equipment produc Results have been excellent and these 

items might well be the answer to several of our problems, 
Preliminary details are: - 


(1) Avro High Temperature 
Strain Gauges 


Strain or minute structural 
variation measurable accurately 
at temperatures up to 1,000°c. 
Transverse resistance cross 
Sensitivity negligible due to 
rectangular &rid section design 
and Stray thermo-electric effects 
nil. Ceramic cement impregnated 


Fixing 
is by proven adhesives. Illustration 
shows typical hot Point use for 
S4uges. Note that temperature 
compensating thermo Couples may 
be supplied built into each gauge! 


(2) Limitea Angle Tacho- 
Generator 


Operates on a 30° angle about 

& mid position. 

Size 1" rotor (2" nominal dia. 
Case 3.75" long). There is also a 
3" diameter rotor generator 

for Special order. 
Sensitivity 5 volts/radian/sec. +15% 
Load 27 kil-ohms 

Frequency response 3 db down at 

37 cycles/sec, 

Winding resistance 

Operating torque 500 gm. om. 
Direct lever drive Climinates 








elocity feed-back measurement on 
driving large machine tool, 





° ter 66781 
lephone: Glouces 
te, Gloucester. Te TION 
ENT ,Huccleco ’ SIDDELEY AVIA 
W TH EQUIPM OF HAWKER 
ARMSTRONG ae eveseen AIRCRAFT LTD., MEMBER 
RMSTRONG W 
SIR W. G. A 
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CANNON 
PLUGS 


CANNON ELECTRIC (Great Britain) Ltd., announces that 
its shares formerly owned by the Forrester family, have now 
been purchased by CANNON ELECTRIC CO. (Los Angeles). 
The British firm will continue the full scope of present oper- 
ations as a wholly owned subsidiary, with Mr. Forrester serving 
as consultant to the company. 

Headquarters and sales offices of Cannon Electric (G.B.) Ltd. 
are being moved to the address below. As from February 6th 
all new correspondence enquiries and orders should be ad- 
dressed there. 

The manufacture of Cannon connectors will continue with 
undiminished volume at the company's London works in 
Bickerton Road. Other Cannon plugs will, as in the past, be 
imported from the parent company’s plants in the U.S.A. and 
Canada. This combined engineering and production will con- 
tinue to provide British customers with the broadest possible 


range of high quality electrical connectors. 


CANNON ELECTRIC (Great Britain) Ltd., 
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SILICON 
99.9999¢ 


of High purity 


@ Polycrystalline lump Type “P” Grodes 1 
° 
oo 


e Polycrystalline rod Type “P” Grades 
Ly 


e Monocrystals float zone or pulled, Type “P” or “N” 


UPSIL LTD Marshgate Lane, London E. 15 - Tél. : Maryland 7711 
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SILICON ALLOY 


JEDEC TO-5 CASE 


Closely Controlled Beta Spread High Collector Voltage (up to 60V) 
Low Saturation (Bottoming) Voltage (100 mV typical) 
High Peak Current (100 mA) Low = (0-1 «A max) 





28301 28302 28303 





Vcp 29V max 
{/(min)1 Mc/s 
hy. 25-75 


Vcp 60Vmax | Veg 25V max 
h;. 10-40 hy. 15-50 

















AVAILABLE NOW IN PRODUCTION QUANTITIES 


Data Sheets and Application Information are available on all TEXAS semiconductor devices, which include : 


PNP Germanium Transistors Computer: U.H.F - Power PNP & NPN Silicon Transistors 
Silicon Zener Voitage Regulators Switching - Signal - U.H.F - Power 


Silicon Rectifiers & Diodes Silicon Controlled Rectifiers 
High Voltage - Signal. Computer: Photo. Zener Tantalum Capacitors 


O 


TEXAS INSTRUMENTS 


LIMITED 
MANTON LANE - BEOFORD - ENGLAND 
BEDFORD 67466 - CABLES: TEXINLIM, BEOFORD 
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Space savers 
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[ Plessey 


Overseas Sales Organisation: Plessey International Limited ilford Essex Telephone: Ilford 3040 
WTCP30 
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COMPUTER | 
TRANSISTORS | TEXAS 


FOR MEDIUM FOR FAST FOR 
SPEED COMPUTERS COMPUTERS CORE DRIVING CORE DRIVING 
(up to 1 Mc/s digit rates) (up to 50 Mc/s digit rates) 


2G301 - 2G302 2N711 2G240 2N696 - 2N697 
2G303 - 2G304 2G103 - 2G104 lc=3A Veg=80V fy = 40 Mc/s (min) 
High Frequency « High Current SOmA -* 300 Mc/s fy = 15 Mc/s (min) Ic = 500 mA 


2G306 


fy; = 12 Mc/s (min) 





FOR ALL COMPUTERS-TEXAS 


Data Sheets and Application Information are available on all TEXAS semiconductor devices, which include: 


PNP Germanium Transistors Computer: U.H.F - Power PNP & NPN Silicon Transistors 
Silicon Zener Voitage Regulators Switching - Signal - U.H.F - Power 
Silicon Rectifiers & Diodes Silicon Controlied Rectifiers 
High Voltage - Signal. Computer. Photo- Zener Tantaium Capacitors 


TEXAS pico INSTRUMENTS 


| LIMITED 


MANTON LANE - BEDFORD - ENGLAND 


<6 BEOFORD 67466 - CABLES: TEXINLIM, BEDFORD 91/A43 
{ 
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A wide range of high quality power transistors, 
voltage regulators and rectifiers for such 
diverse applications as guided weapons, 
military and civil aircraft, computers, railway 
modernisation equipment, automobiles, radio 
f] t 8 wor ( and television. Continuous research, 
extensive development, and controlled 
mass-production techniques ensure an ever- 


SEM I-CONDUGTE increasing flow of devices offering maximum 
reliability at minimum cost. 





rr libs it 


LWICAS 


Research Development and Manufacture Sales and Technical Applications 


Joseph Lucas tcl G«E Bradley Limited 


ELECTRAL HOUSE - NEASDEN LANE - LONDON - N.W.10. 


BIRMINGHAM . | 
A Subsidiary Company of Joseph Lucas (industries) Ltd 
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diffused silicon rectifiers 


yy ue] Mog , Oy) oe od 1 | Or 


Now—all the advantages of Silicon Rectifiers for the general industrial user. The Texas 
1S100 series—most price-conscious range of Silicon Rectifiers today—are engineered to the 
high standards you expect from Texas. They are designed and priced for Industrial 
Applications—please write or telephone for fuller details today. 


Deliveries can be made ex stock. 
18100 18101 18103 18105 1$107 


Peak Inverse Voltage at —40°C to +100°C ... PIV 100 200 400 600 800 V 
Average Rectified Forward Current at +50°C ... Ig 750 750 750 750 750 mA 
Average Rectified Forward Current at +100°C ... Io 250 250 250 250 250 mA 
Recurrent Peak Forward Current at +25°C ove Uy 2-5 2-5 2-5 25 <A 
Surge Current, | cycle at 60 c/s at + 25°C 


Operating Temperature, Ambient ... 








See Price List published March 1961 


INSTRUMENTS 


LIMITED 
MANTON LANE - BEDFORD - ENGLAND 
BEOCFORD 67466 CABLES TEXINLIM, BEOFORD 
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SILIGON GHARACTERISTICS 


AT GERMANIUM PRICE 


%now costs less than any other silicon alloy transistor 
snow even cheaper than many germanium types 





SO NOW you can specify a quality silicon alloy transistor — in most of those instances where 
previously silicon semiconductors were considered too costly. What’s more, there are no 
delivery problems. Thanks to Mullard large scale production, the OC200 is available for 
immediate delivery in quantity. 

Already, of course, the OC200 has proved its worth in practical applications. Low bottoming 
voltage . . . low noise figure . . . unusually wide temperature range. The OC200 has all the 
attributes you could wish for in a general purpose transistor. Lt is suitable for use at low and 
high temperatures in switchgear and a wide variety of industrial equipment. And now that 
price is no problem — the scope of the OC200 grows wider still. If you would like further details 
simply write to the address below. 








semiconductors 
for industry 





MULLARD LIMITED [Mullard] 


Semiconductor Division OF, 
Mullard House « Torrington Place 
London WCI - Tel: LANgham 6633 
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FROM MARKEM- 


EVERYTHING YOU 


NEED TO MARK ALL 


OF YOUR PRODUCTS 


AND PACKAGES 
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Markem machines are used throughout 
the world to mark electrical and elec- 
tronic components of every description 
—at production speeds—with clear, du- 
rable imprints. Machines ranging from 
the small, hand-operated “Companion” 
to completely automatic high speed 
types are capable of handling products 
and packages of almost any size and 
shape. Printing elements are available 
for marking almost any surface — for 
production runs or for short runs with 
frequent imprint changes. And the 
wide choice of Markem specialty inks 
offers various drying characteristics 
and resistance to almost any environ- 
mental condition. Machines, printing 
elements, inks, supplies, plus competent 
advice and service —all are available 
from Markem, the complete source, 
with 49 years of experience in indus- 
trial marking. 


Helping your product speak for itself 


MARKEM (U. K.) LIMITED 


24 Brownfields 
Welwyn Garden City, Herts, England 


MACHINEHANDEL H. RUSCHE 
Via Maartensdijk 
Hollandsche Rading, Holland 


HERE'S HOW TYPICAL MARKING NEEDS ARE MET BY MARKEM 


Mode! 146A — Marking Axial 
Lead Components with com- 
plete legends, including po- 
larity band. Prints neatly on 
curved, uneven or irregular 
surfaces. Can be adjusted 
quickly to different sizes 
of components. Production 
speed up to 3000 per hour. 


APRIL 1961 (k) 


Mode! 122A — Simultaneous 
Top and Side Marking as well 
as date coding of transis- 
tors, similar cylindrical com- 
ponents with base leads. 
Hopper-fed machine auto- 
matically prints and ejects 
up to 3000 per hour. 


Model 148A — Completely 
Automatic Marking of all 
types of surfaces — flat, 
curved, corrugated, irreg- 
ular, etc. — without hand 
rolling or a May be 

ited for aut in- 
line marking or objects may 
be hand fed to adjustable 
work table. Average produc- 
tion 2100 to 3100 per hour. 


97 





Mode! 69A — Color Banding 
of diodes, resistors, capac- 
itors, similar axial lead 
cylindrical components up 
to 4800 per hour. Up to 6 
colors simultaneously, or 
5 color bands plus typo- 
graphical marking. Color, 
band width, spacing easily 
changed. 


Write for this 12-page cat- 
alog of Markem machines 
and related equipment for 
the electrical and electron- 
ics industries. Complete 
specification sheets are 
also available for individual 
machines 
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THE NOBEL LOAD CELL 


A superior weighing device of first class constructional design 
employing unbonded strain gauges, giving high zero stability and 
excellent overload features. 

Associated equipment of equally high standard provides facilities 
for remote control, visual display of output or permanent records 


in the form of print, punched card or tape from any number of cells. 


In many cases existing beam and balance weighers, constant rate Accuracy — better than 0.25%, of f.s.d. 


feeders and similar devices can be extensively controlled by means High zero stability. 


of our ‘“Rota-weigh’’, ‘‘Multi-Batch’’ or special controllers High long term stability on load. 


specifically designed to meet customer's requirements. If you are Dini entail 


considering an entirely new weighing-system or altering your 
et: Fail safe in event of gross overload, 
existing plant, talk it over with us — our experience may be what 
Oil filled and hermetically sealed. 
you are looking for. 


Corrosion resistant 


oe 2.80 84 @ 2 *. ¢ 


5 standard types to weigh up to 50,000 Ibs. 


Enquiries should be addressed to:— 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM : Telephone: Nottingham 75115 
ERIO (FORMERLY ERICSSON INSTRUMENT DIVISION) 
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NEW from 
WALTER JONES 


.. fractional h.p. 5-phase 
SYNCHRONOUS motors only 


slightly larger.than comparative 


INDUCTION motors 


THE 
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PERMINDUGT 


3-PHASE SYNCHRONOUS MOTOR 


Developed to meet the growing requirement for 
fractional horsepower, 3-phase, self starting and 
self-synchronising motors of compact size and 
enhanced performance, these machines have a 
higher synchronous output rating for their size 
than any similar machine of conventional permanent 
magnet or reluctance designs. 

The rotor construction incorporates new technical 


PERFORMANCE 


Frame size 
50 c.p.s. 2-pole 
3000 RPM 

50 c.p.s. 4-pole 
1500 RPM 
400 c.p.s. 4-pole 
12,000 RPM 














features. It comprises a central permanently 
magnetised core around which are assembled 
annular laminations and copper conductors to form 
the familiar squirrel cage. 

The core utilises a modern high remanence alloy 
and the improved technical advances of the rotor 
minimise the de-magnetising effects on starting 
and synchronising. 

















i wae 


Manufacturers for over 40 years of small power Electrical rotating equipment. 
SEND FOR SPECIFICATION LEAFLETS OF THIS AND OTHER PRODUCTS 


WALTER 
JON ES, & COMPANY (ENGINEERS) LTD 
CHARLTON WORKS, NEWLANDS PARK, SYDENHAM, LONDON, 8.£.26. Telephone SYDenham 6264-5 -6 
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regulated - well ventilated - power supplies 


Improved Brandenburg 
design, with wide 
centre ventilation and 
easier access to all 
components. 

Two of model 
V300/200 mounted in 
one suitable frame 
measuring 17}° x 173" x7”. 
This shows one of 
many methods of 
mounting these units. 


All models—types V and HV, voltage stabilized. All prices quoted are for U.K. only—ex-works 


polarity reversible [ dona Ce 
effective resistance 0-] ohm _ 350 V 
stability against + or — 10°, mains change: 0-02°, | ia - oss si vince 
ripple less than ImV ie 
input 200/250 volts, 50 cycles. | 1OOm/A. 63710 0) IA. ci 6 0 
output a.c. 100 and 200 mA models: 4 6-3V, 1I-5A. 
350 and SOD mA models: 2x63V, SA. A | MOM/A B10 0) 2A ee 
can be paralleled | 350 m/A. £64 0 0 | 2A. model 
dimensions 100 and 200 mA models: 15}”  5}” x 6}” high. | complete with 19” front 
350 mA models: 153” x 74” x 74” high. 500 mA . £0 0 0 | panel and assembly 
models: two chassis, each 15}” x 53” x 6}” e esses anaes esciapertocisdeteaaecccns peated tala toititoni 
high. Flanged open chassis, with frames 
available for converting all models to front 
panel mounting 


new current-stabilized models 


type C300 
input 200/250 volts, 50 cycles 








output current 50-300 m/A, continuously variable 
output voltage 5000 volts, maximum 


stability better than 0-1°%% for + or — 
variation 


drift less than 0-5° for 30 minutes 


enquiries are invited for 
similar specifications 


Brochure of Brandenburg voltage-stabilized range also available 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 
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high voltage regulated power supplies 
—standard models up to 100 kV. 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530 model A 


50 kilovolt regulated supply 


All prices quoted are for U.K. only 
Type $0530 
output /! to 10 kV at 2mA. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at ¢ MA. Model C 
500 V to 5 kV at 2 mA. Model D 
input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 
regulation against full load: better than 0.5%. 

Against mains variations of plus or 
minus 7%, better than 1% 
5” Ernest Turner movement 
current —— jack 
standard 19° x 10” P.O. panel 
for rack mounting or bench use 


£ | 35 ox-works 


Models A, B and C can be“supplied with 
reversible output polarity at £165 


Type MRSOR 


output 5 kV to 50 kV ati mA 
input 200/250 volts 
polarity reversible 
regulation against full load: better than 1% 


Against mains variations: +-5%,—5%,§ better 
than 1% 


dimensions W: 24° H:23” D: 15” 


output current 


output voltage 
polarity 

ripple 
regulation 


input 
metering 


yo 


100 kilovolt regulated power supply 
Type MRIOOR—3 models 

0.5 mA. Model MR1I00R/500 

| mA. Model MRIOOR/I 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to full load: better than 1° .Against mains 
variations of plus or minus 7%, better than 1% 
200/250 voits, 50 cycles 

output voltage and current metered by 5” 
Ernest Turner, Model 605 


Brochure on request: for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure. 





BRANDENBURG 


LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 


APRIL 1961 


ELECTRONIC ENGINEERING 





EE 32 106 for further details 


OXYGEN REMOVAL ana MEASUREMENT 


DEOXO CATALYTIC GAS 
PURIFICATION PROCESS 


The model ‘D’ Deoxo Purifier, which operates at room 
temperature, provides for the removal of oxygen or 
hydrogen from other gases such as argon, helium 
nitrogen, etc., with a remaining impurity of less than 
1 ppm. These Purifiers are available in a number of 
standard sizes for gas flows from 5 scfh to 10,000 scfh. 


Additional units 
are available for 
the removal of 
other impurities 
from a wide range of industrial gases. 


DEOXO PURIDRYER 


The Deoxo Puridryer will remove oxygen from 
hydrogen to leave less than 1 ppm of the impurity 
remaining, and subsequently dry the purified gas 
to a dew point as low as minus 100° F, at flow 
rates of up to 100 scfh. 


Provision for regenerating the drying agent is 
incorporated in the unit. 


HERSCH OXYGEN METER 


The Hersch Oxygen Meter has been 
designed for the measurement of trace 
oxygen in other gases in the range 0-10 
and 0-100 ppm. The high sensitivity, 
accuracy and speed of response enables 
this instrument to be used both for 
laboratory investigation and production 
quality control. 





* Illustrated literature available on request. 





(BNGELHARD INDUSTRIES LTD) BAKER PLATINUM DIVISION 





52 HIGH HOLBORN . LONDON . W.C.1 . Telephone; CHAncery 8711 & 6506 
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FEATURES 








High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 


Choice of either two or four adjustable contacts. 


Contemporary case design—projection or flush 
mounting. 


Dustproof and suitable for use in the tropics. 
Conforms to Post Office Specification P.T. 1025B. 
Suitable for current or voltage sensing on 





APPLICATIONS 


Current regulator control. 
Voltage regulator control. 
Monitoring duties. 
Limiting duties. 


Equipment protection. 





either D.C. or A.C. 


c7hustinlite ELECTRICAL EQUIPMENT 


(Custom-built by Stone-Chance Ltd. 
Makers of Sumo Pumps and Stone-Chance Lighthouses) 
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AUSTINLITE LTD * PICKERSLEIGH ROAD 
MALVERN * WORCS * PHONE: MALVERN 2686 
London Office: Schomberg House 
82 Pall Mall, SW1 - Phone : TRA 194 
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Postage 
will be 
paid by 
Licensee 








Don’t put your 
head in the sand! 


Take a look overleaf at 
the versatile range of G.E.C. 
devices and the information 
services G.E.C. offer. 
There’s no easier way to keep 
in touch with the fast-moving 

developments of 

G.E.C. Semiconductors. 


vncee sd 


a 


No Postage Stamp 
necessary if 
posted in 
Great Britain or 
Northern Ireland 


BUSINESS REPLY CARD 
Licence No. SK 390 


THE GENERAL ELECTRIC COMPANY LIMITED 
SEMICONDUCTOR DIVISION 
SCHOOL STREET 
HAZEL GROVE 
NR. STOCKPORT, CHESHIRE 


For regular information on all these devices... 


Ask about the G.E.C. Semiconductor Data Service 
This will keep you regularly posted with all current data and application reports 


... and for the G.E.C. Semiconductors Newsletter 
It’s issued every few months, giving news of developments, and of data and application reports 


...and for the G.E.C. Semiconductors Device Guide 


This contains abridged specifications of all current devices, together with a list of available services 
types and a commercial comparative table 


SIMPLY FILL IN THIS REPLY-PAID CARD AND POST TO 


THE GENERAL ELECTRIC COMPANY LIMITED 


SEMICONDUCTORS 


SEMICONDUCTOR DIVISION, SCHOOL STREET, HAZEL GROVE, NR. STOCKPORT, CHESHIRE 


(If the card has already been detached, please write to us in any case) 


TO: THE GENERAL ELECTRIC COMPANY LIMITED: SEMICONDUCTOR DIVISION: SCHOOL STREET: HAZEL GROVE: NR. STOCKPORT > CHESHIRE 


Please let me have an application form for : The G.E.C. Semiconductor Data Service 
Please put me on your mailing list for : The G.E.C. Semiconductors Newsletter 


Please send me a current copy of : The G.E.C. Semiconductors Device Guide 


My NAME is 
POSITION 
COMPANY 


ADDRESS 





OSCILLOSCOPES OF QUALITY 


versatility and value 


NACART] 





TWO CHANNEL 


with plug-in pre-amps 
providing various input 
conditions accurately calibrated 





with range of plug-ins such as:— 

High sensitivity—100uV/cm to 150 Kc/s or 
Wide Band—imV/1 cm. D.C. to 1 Mc/s 
both differential inputs 


ACCURATE PULSE GENERATORS 
essential and reliable electronic test gear 


5101 rree 


Square wave and pulse group generator — 
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tree 301 


High Speed 
D.C.—40 Mc/s 
Single Beam 


D.C. to 20 Mc/s— 

10 KV High writing speed, 
with range of plug-ins 

for various conditions 


fully calibrated and with 10mV— 10,000,000—1 Range of Pulse Dimensions 


100V continuously variable output 


Accurately calibrated 
single or double pulses 


NAGARD LIMITED, 18 AVENUE ROAD, BELMONT, SURREY _ Tel: VIG 9161-2 
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6 SMOOTHING * 
CHOKES 


are included 

amongst the 7oo 
standard transformers 
chokes listed, priced 
fully described in the 
NEW 


loose leaf catalogue 


Every copy of this catalogue, which has been 
prepared specially for industrial and research 
establishments, is numbered and registered 
in the name of the holder. It is regularly 
brought up to date by the supply of amend- 
ment sheets covering every addition to 
Gardners’ standard ranges. Please apply on 
the Company’s or the Establishment’s official 


also auto, isolating and low voltage* applications. 
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letterheading. For other users, a catalogue 
covering the full Solent and Miniford series 


is available on request. 


Please write for catalogue to 


GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH ‘ tel. 1734 
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WIMSHURST 
Influence Machine 


During the years 1878-1888 Mr. James Wimshurst 
contributed considerably to the science of physics 
by designing and constructing a number of High 
Voltage Generators of the type shown in the 
illustration. 
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HURSANT a 
ELECTRONICS 


100A 
ISOA 


are proud to announce their new range of 
regulated high voltage supplies which are of 
equal interest to the physicist and research 
engineer of today. 


Model 30B 0-30KV —2MA’S £185 
Model S50A 0-SOKV —IMA £240 
Model 100A 0-I00KV —700uA’S £340 
Model IS0OA 0-ISOKV —S00uA’S £450 


All models listed have continuously variable 
and reversible polarity output, and are fitted 
with kilovoltmeters, current meters, and 
overload trips as standard. 


Small Physical Size. 


Robust construction, low ripple and good 
regulation are also features of these supplies 
which are offered at the prices shown above. 


A leaflet giving further details is available on request 


13-14 The Mall Ealing W.5. 





El EC TR ONICS L TD Telephone: EALing 7176 
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POWER 
Transistorised Voltage Regulated 7 F ad oe = 
UNITS 


Transistorised Power Supply Unit 


Type TSV 30/ 2EG 


with variable electronic cut-out operating over full 
current range. 


Input Voltage: 110-220 volts with taps 5, 10, 
20 volts on both ranges. 
40/60 c/s. 


D.C. Output: 0-30 volts D.C. variable over 
complete range. 


Maximum Output 
Current: 2 amps continuous. 


Case Dimensions: !4}” long 10}” deep 10’ 
high (with feet). 


Transistorised Power Supply Unit 


Type ESV 30/5EC 


with variable electronic cut-out operating over full 
current range. 


Input Voltage: 110-220 volts with taps 5, 10, 
20 volts on both ranges. 
40-60 c/s. 


D.C. Output: 0-30 volts D.C. and continu- 
ously variable. 


Maximum Output 
Current: 5 amps continuous. 


Case Dimensions: |4}” longx 103” deep 10” 
high (with feet). 


NOTABLE FOR High Stabilization, Low output impedance, Low Ripple and Noise 


content, overload protection fuses fitted to all models and electronic cut-outs with variable current 


control fitted to TSV.30/2 and 30/5 models. Fully transistorised, Zener Diode References, Output—positive 


or negative to Chassis, Early Delivery on all Models, write for illustrated leaflets for further details. 


FARNELL INSTRUMENTS LIMITED 
LIGHT INDUSTRIAL ESTATE - YORK ROAD - WETHERBY - YORKSHIRE 
Telephone: Wetherby 2691/2 
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Inexpensive open chassis model 
Transistorised Power Supply Unit 


Type TBO 


Input Voltage: 0-200 250 volts A.C. 50-60 c's. 
D.C. Output: 6-12 volts D.C. pre-set. 
Output Current: | amp maximum. 


Dimensions: 6" long « 6” deep = 5” high. 


Standard open chassis model 
Transistorised Power Supply Unit 


Type TSO 30/ 7] 


Input Voltage: 110-220 volts A.C. 50 cycles. 


Maximum Output 
Current: 5 amps continuous at 18-30 volts. 


Also available TSO 182, (0-18v at 2a) TSO 12/5 (0-12v at 5a) 
TSO 302 (18-30v at 2a). 


De-luxe open chassis model 
Transistorised Power Supply Unit 


Type SSU 


10 models are available covering ranges 0-65 volts, with D.C. 
outputs: | or 2 amps. Write for details. 


Model A, dimensions 4}” « 103” » 6}” high, covering range of | 
amp models up to 36 volts, and 2 amp models up to 1/8 volts. 


Model B, dimensions 43° x 103° x 63” high, covering all other 
S.S.U. models not listed under Model A. 


Transistorised Power Supply Unit 


Type TSV 50/ 5 


Input Voltage: 0-230/250 volts A.C. 50-60 c/s. 


D.C. Output: 3-50 volts D.C. and continuously 
variable. 


Output Current: 5 amps continuous. 
Dimensions: 214” long x 16” deep « 12” high. 


FARNELL INSTRUMENTS LIMITED 
LIGHT INDUSTRIAL ESTATE - YORK ROAD - WETHERBY - YORKSHIRE 
Telephone: Wetherby 2691/2 
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wilers CERAMICS 





High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 





We specialise in the manufacture of 


PORCELAIN 


for general insulation 
REFRACTORIES 
for high-temperature insulation 


FREQUELEX 
for high-frequency insulation 


PERMALEX 
& TEMPLEX 


for capacitors 








MILTON - STOKE-ON-TRENT - STAFFS 
Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 
ironworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
Phone: Tipton 169! Phone : MANsion House 997! 
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Accurate, remote measure- 
ment extends dramatically 
the application of bridge tech- 
niques. 


Measurement of the individual compon- 
ents of complex impedances to an 
accuracy of +0.25°%, without removing 
them from circuit, coupled with facilities 
for two, three and four terminal 
measurement, enable the Universal 
Bridge B.221 to be put to an almost 
limitless range of general industrial use. 
The instrument will establish the charac- 
teristics of components and of circuits — 
further, special adaptors are available to 
cover the measurement of liquid conduc- 
tivity, dielectric constants of solids and 
liquids, dry joints, switch contact resist- 
ance, circuit strays, boundary layer im- 
pedance of liquids, permittivity and loss 
factor of solids and liquids—and dielec- 
tric properties of liquids in test tubes. 


THE WAYNE KERR 
LABORATORIES LIMITED 
Sales and Service 

44 Coombe Road 

New Malden, Surrey 
Telephone: MALden 2202 
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measuring 
IpF 
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-at the end of a lead 


as long as 


you like 


Foolproof, 

direct reading dials 

The Universal Bridge B.221 has as a 
special design feature the layout of the 
controls and displays. A novel mechan- 
ism automatically inserts the cyphers, 
decimals and units of measurement in 
the dial windows. Thus, the errors 
which may be caused by large multiply- 
ing factors are obviated. This facility 
means that the instrument may be used 
efficiently even by unskilled personnel. 
This instrument and its applications are 
fully discussed in Information Service 
Publication AB221—copies available on 


request. 


Universal Bridge B221 


wa 
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The Plessey E.R.F. range of encapsu- 
lated r.f. inductors was designed for 
utmost reliability in use. Completely 
sealed in Plaskon Alkyd, Plessey in- 
ductors withstand the toughest usage. 
Vibration, bump, pull and twist of leads, 
humidity and temperature cycling... 
Plessey inductors meet these menaces 
with the appropriate quality approval 
specifications. Proof of efficiency lies 
in the present general use of these 
components by British and NATO 
ground Service communications equip- 
ments. Whatever the job, wherever the 


Plessey | job, you'll find it pays to specify a 


Plessey component. 


ert. inductors withstand vibration, temperature extremes 











For further information, 
specifications etc., on Plessey E.R.F. 
inductors contact: 


Components Group, 
Industrial/Electronic Component Sales 


THE PLESSEY COMPANY LIMITED - liford - Essex - Telephone: liford 3040 


Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED 


@ cre 
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Commentary 


ROM all angles the annual review for 1960 which has 

recently been published by the Electronic Engineering 
Association is a highly satisfactory document, reflecting 
the enterprise and efficiency of a section of British indus- 
try which continues to increase its output each year by 
some ten per cent and produced equipment last year to 
the value of about £500M. 

In what is referred to as the capital goods side of the 
industry—the section which is the concern of the Elec- 
tronic Engineering Association—the figures are no less 
satisfactory, for its member firms produced equipment 
during the period under review to the value of £175M of 
which some £28M worth was exported, often in the face of 
severe foreign competition—competition which, according 
to the Electronic Engineering Association, has not always 
been strictly economic. 

In the field of air navigational aids one of the major 
technical achievements of the year has been the completion 
of the development of the Autoland system, a result of 
the close collaboration of the Blind Landing Experi- 
mental Unit of the Ministry of Aviation and four member 
companies of the Association. 

This is the system which will enable an aircraft to be 
brought to a runway and landed without the intervention 
of the pilot. It has already completed many thousand 
successful landings and is now being evaluated for its 
military application. In addition it is being very closely 
studied by the civil air lines of the world for it promises 
in one clean sweep to remove one of the most dangerous 
hazards of the day, namely the landing of aircraft when 
visibility is poor or non-existent. 

Communication channels, says the review, are the nerve 
fibres of civilization and one of the most ambitious 
schemes ever proposed for communication must be the 
plan to link the members of the Commonwealth in a 
world encircling telephone cable. 

The British electronic industry has been occupied during 
the past year with the manufacture of cables and sub- 
merged repeater equipment for this Round the World 
Commonwealth Cable and last month saw the departure of 
the Post Office cable ship ‘ Monarch’ to lay CANTAT, the 
first section between this country and Canada. 

Orders to the value of £20M have been placed for fur- 
ther cables and submerged electronic equipment for 
COMPAC, the Commonwealth Pacific cable which will 
run for some 8000 miles across the Pacific Ocean from 
Sydney, Australia, to Vancouver, Canada. 

This Round the World Telephone Cable vast though it 
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is, is not the only communication scheme with which the 
electronic industry is concerned. On a smaller scale there 
has been the installation of an extensive inter-island and 
aeronautical system in the Caribbean which is stated to 
be one of the world’s most advanced networks of its kind. 

In broadcasting and television the review brings out the 
fact that we are now the world’s leading exporters of 
transmitters, camera, studio equipment and outside-broad- 
casting units. Among the noteworthy installations within 
the Commonwealth are the sound and vision transmitters 
for New Zealand, Canada and Australia and mention must 
be made of the sound broadcasting installations at Hong 
Kong and Ghana; the latter will be the most modern high 
power short wave broadcasting system in the Continent 
of Africa. No less encouraging is the fact that some two 
hundred television cameras of British design and manu- 
facture have been supplied to the television authorities of 
the world. 

The industry has also been able to report a successful 
year both in the application of electronics to industry and 
in instrumentation. 

The application of electronic techniques to machine tool 
control has now proved itself to be a practical proposition 
and by association with the machine tool makers several 
electronic firms have evolved highly elegant systems of 
machine tool control with the result that direct approaches 
have been made from a number of American machine 
tool makers who acknowledge the superiority of the British 
systems. 

The Electronic Engineering Association review refers 
in glowing terms to the ‘ electronic’s lusty youngster "—the 
data processing section which judging from its export 
activities alone has every reason to be satisfied with its 
achievements during the past year. It has sold computers 
to America and Japan and at an exhibition in Moscow a 
computer was sold within the first hour of the exhibition’s 
opening, and a contract for ten more is now under dis- 
cussion. 

On the home market too, interest in computers is 
awakening. Banking Houses are now preparing plans to 
install full data-processing equipment for such routine 
tasks are cheque reading and sorting, and the oil and 
chemical industries are using the computer to control their 
complex manufacturing processes. 

All in all it has been a most successful year and if at 
first reading the annual review appears a boastful docu- 
ment it can back up its claims with a very full order book; 
and the prospects for the present year are no less bright. 
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ELEMENT-WEIGHTING 
CONTROLS 


PATTERN-SETTING 
CONTROLS i 


‘\ 


2 + 


An Analogue 


SETTING 
SWITCH 


RESULTANT 
H.R.P. METER 


STEPPING 


Computer for 


Aerial Radiation Patterns 


By H. Page’, 


M.Sc., M.LE.E., G. J. Phillips*, M.A., Ph.D., B.Sc., A.M.1.E.E., and J. A. S. Fox*, B.Sc 


An analogue computer has been constructed ‘to calculate the horizontal radiation patterns of aerial 


arrays comprising a number of radiating elements, mounted on a central support mast. 


The 


radiation pattern of a single element must be known, and from this the pattern for a number of 


identical elements round the mast may be calculated. 


The currents in the elements may have any 


desired amplitudes and phases. 


The principle used is the addition of a number of audio-frequency voltages, each component repre- 


senting the radiation from one element in a particular direction. 


By using a bank of rotary 


switches, the appropriate summations are made in turn for bearings at intervals which may be 


either 7-5° or 15°, the resultant being indicated on a meter. 


The computer may be adapted to other 


types of visual display. 


(Voir page 264 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 271) 


|‘ designing an aerial for television or sound broad- 
casting in the v.h.f. band it is frequently necessary to 
achieve a horizontal radiation pattern (h.r.p.) of a pres- 
cribed shape. It may, for instance, be desirable to 
radiate a high power in certain directions in order to 
serve selected highly-populated districts, and to restrict 
the power in other directions in order to minimize inter- 
ference with stations working on the same channel. 

In the preliminary planning stages it is the practice in 
the BBC to prepare a templet relating to the proposed 
station; this templet takes the form of two field-strength 
polar diagrams which show the minimum desired and 
the maximum permitted values of effective radiated power 
(e.r.p.) in all horizontal directions. The shape of the 
h.r.p. of the aerial should lie between these two closed 


* British Broadcasting Corporation 
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curves, and the required transmitter power can be calcu- 
lated knowing the e.r.p. and the gain of the aerial. 

With the spread of television and v.h.f. sound broad- 
casting the number of common-channel stations has 
steadily increased and, as a result, the requirements for 
individual stations have tended to become more exacting. 
In some cases a Satisfactory pattern may be obtained by 
using the mast as an aperiodic reflector (with or without 
additional reflecting members) in association with a single 
radiating element. A more flexible method is to use in 
each tier of the aerial a number of radiating elements, the 
relative amplitude and phase of the currents in these 
elements being chosen to give the required shape of h.r.p. 
in the presence of the mast. 

The h.r.p. of one element mounted on a supporting 
structure can in some cases be calculated; in any case it 
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can be measured, for instance, by using a small-scale 
model. To derive the radiation pattern when a number 
of similar elements are used it is necessary to calculate 
the vector sum of their individual patterns. If the re- 
quired pattern is complicated in shape, the field must be 
determined for a large number of directions; furthermore, 
in the search for the simplest system meeting the require- 
ments, it may be necessary to explore many combinations 
of the number and position of the elements, and of the 


O o,+ 16, 


pong 


Element 2 ~ ez Wiper 2 


Fig. 1. The addition of radiation patterns 
relative amplitudes and phases of the currents they carry. 
[This process can be very laborious and time consuming, 
whether by hand computation or by the assembly and 
adjustment of a large number of experimental models. 
The computer described here was constructed to ease 
some of the difficulties mentioned above. It is designed 
to perform the task of calculating from the radiation 
pattern of a single element, the radiation pattern for a 
number of identical elements; these may carry currents 
of any amplitude and phase, and may be disposed in 
different directions relative to the axis of the supporting 
structure, provided the spacing from the axis is the same. 
The computer may also be used as explained later for 
calculations involving two types of elements, for instance, 
elements having different spacings from the axis; however, 
to simplify the description it is assumed initially that the 
elements are identical and equally spaced from the axis. 


Principle of Operation 

Consider the plan view of an aerial system consisting 
of a number of similar elements disposed round a support 
mast, as shown in Fig. l(a). The radiation from one 
element is known for 


a number of equally Fig. 





spaced directions at 
angles 0, A ...nQd... 
(clockwise from the posi- 
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the form of a series of 
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element | and (ais, + jbisr) from element 2; for the direc- 
tion nA clockwise from 0 it is the sum of  (di4n + jbi+n) 
and (djin4r jOi4n44). 

Summations of this kind may be achieved by a rotary 
switch, as indicated in Fig. 1(b). Alternating potentials 
of amplitudes (a + jb:), (a2 + jbo) . . . are applied to the 
contacts taken in sequence, and two wipers are used with 
wiper 2 staggered by r contacts clockwise relative to 
wiper 1. A summation of the wiper potentials for the 
positions shown in the diagram yields the resultant radia- 
tion for direction 0. By moving both wipers one step 
clockwise the resultant for the direction A clockwise from 
direction 0 is obtained; this process may be repeated to 
obtain the complete pattern at angular intervals of A. 
Moreover, if the aerial elements are fed with currents 
(x jy.) and (x jy.) respectively, the required resultant 
for direction 0, (a joix WV) + (Qiss poise Mx jy»). 
is obtained if the wiper potentials are multiplied by the 
factors (x jy) and (x jy) respectively, before sum- 
ming. 

In the computer described this principle has been ex- 
tended to provide for any number of elements up to a 
maximum of eight, the unit angle (A) being 15°. A 
group of telephone uniselector switches is used, one for 
each radiating element; the corresponding contacts are 
electrically paralleled and the wipers are staggered, by 
electromechanical control, in a pattern which forms the 
mirror image of the disposition of the radiating elements. 

A block schematic of the computer is shown in Fig. 2. 
The source used is a Ikc/s oscillator, each of the com- 
plex potentials (a + jb) being obtained by combining two 
quadrature components of appropriate amplitudes. The 
multiplication by (x + jy) is achieved by deriving fractions 
x and y of the output from a particular wiper; all the 
x and all the y components derived from the various 
wipers are added separately. The resultant y component 
is then advanced in phase by 90° relative to the resultant 
x component, and the two added. Since only the modulus 
of the resultant is required, a simple meter responding 
to the alternating potential can be used as the indicator; this 
displays |X(a + jb\(x + jy)! for a given direction, the sum- 
mation covering the total number of elements in the array. 


General arrangement of the computer 


13 channels 


Generating network 
o— 





pectively; the modulus 
of the complex number 
is the relative amplitude 
of the radiated field, 
and the argument is the 
relative phase referred 
to the axis of the mast. 


From wipers of uniselectors 





Suppose there are two 
elements as shown in 
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Fig. l(a) with element 2 
at an angle rA anti- 
clockwise from element 
1, where r is an integer. 
In this case the result- 
ant in direction 0, for 
elements fed with equal 
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In operation, the values 
of a and b for each direction 
are first set up on the com- 
puter, the wiper orientations 
are adjusted according to the 
relative dispositions of the 
elements, and the weighting 
parameters x, y are set up to 
correspond to the relative 
currents in the elements. The 
resultant radiation is then 
indicated on the meter, the 
wipers being moved one step 
at a time by operating a 
press-button, so that a read- 
ing is obtained for each direc- 
tion in turn; this operation 
will be referred to as ‘step- 
ping’. 

The accuracy of indication 
of any radiation pattern is 
generally within 2 per cent of 
the maximum; this limit of 
accuracy is set mainly by in- 
equalities of nominally identi- 
cal components, but slight 
variations of the ‘pattern’ 
voltages with changes in the 
load presented by the switch 
circuits also contribute to the 
errors. 

The switching process could of course also be done 
electronically; the electromechanical system was decided 
on because it did not entail any development and the 
equipment was urgently required. 











Fig. 4. Typical pattern-setting 
circuit 


Circuit Description 

A photograph of the equipment is shown on page 206. 
The pattern-setting controls, which are set up to corre- 
spond to the parameters (a + jb), are housed in a sliding 
drawer on the left-hand side of the cabinet. The element- 
weighting controls, which are set up to correspond to the 
parameters (x + jy), are on the top of the control desk 
on the left-hand side. The setting switch used to orient 
the uniselector wipers is on the sloping panel, and the 
associated stepping button which rotates the bank of 
switches is on the desk below. The output is indicated on 
the right-hand meter, and the corresponding direction by 
one of a ring of lamps around the setting switch. Simplified 


Fig. 3. 
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circuit diagrams of various parts of the circuit are shown 
in Figs. 3 to 7. 
OSCILLATOR AND QUADRATURE CIRCUIT 

A frequency of approximately lkc/s is generated by 


means of a Wien-bridge oscillator; the circuit diagram is 
shown in Fig. 3. Since the frequency affects the charac- 
teristics of the phase-shifting networks, it is adjustable 
over a small range by means of a pre-set resistor in one 


of the reactive arms of the bridge. Vu and Vi; form a 
resistance-capacitance coupled amplifier, the output of 
which is fed back to the bridge circuit. A thermistor 
is used as one of the resistive bridge arms; this stabilizes 
the oscillator amplitude and also ensures that the ampli- 
fier works under quasi-linear conditions, so that the har- 
monic distortion of the output waveform is kept low (the 
total harmonic distortion is about 0-5 per cent). 

The oscillator is coupled to two cathode-followers 
through resistance-capacitance phase-shifting circuits such 
that one output leads and the other lags by 45°; two out- 
puts of the same amplitude in phase quadrature are thus 
available. 

THE PATTERN-SETTING CONTROLS 

The outputs from the cathode-followers, Vis and Vr in 
Fig. 4, are each connected to a transformer with a centre- 
tapped secondary balanced to earth, giving four outputs 
which have relative phase angles of 0° and 180°, 90° and 
270°. These energize banks of potentiometers which are 
set to give output voltages proportional to the real and 
imaginary components of the complex radiation pattern 
of a single element; the 0° and 180° phases correspond 
to positive and negative real components, and the 90° 
and 270° phases to positive and negative imaginary com- 
ponents. There are thirteen pairs of potentiometers, 
corresponding to an arc of 180° at 15° intervals; this 
number is sufficient because, as explained later, advan- 
tage can be taken of the symmetry of the radiation pat- 
tern of the element. Each potentiometer is associated 
with a ‘sign’ switch which selects the appropriate phase, 
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or to be reversed (the 
' requirement for radial 
elements). This change- 





X—weighting sign switch 
x-weighting magnitude. 





All 
'56MQ 


paonenenires 


WV 


over is required because 
for vertical or tangential 
elements the radiation is 
symmetrical, whereas for 
radial elements it is 
skew-symmetrical, with 
respect to a_ plane 


y—weighting sign switch 


y—weighting magnitude 


SOKD 1 1 
1-56MQ 




















From other 
x— weighting 
networks 


Fig. 5. Element-weighting and adding circuit 


and at the same time loads the unused phase with a 
resistance equivalent to the potentiometer, thus main- 
taining constant and symmetrical load conditions on each 
cathode-follower transformer. The setting-up process is 
carried out with the aid of the output meter, as explained 
later. 

The output from each pair of potentiometers is con- 
nected through a resistive mixing circuit to a cathode- 
follower, the output load of which is a transformer with 
an earthed centre-tap on the secondary, Each cathode- 
follower therefore provides an output which is propor- 
tional to (a + jb) for one given direction. To reduce the 
effect of the change in source impedance presented to 
the mixing circuit by the potentiometers, feedback is 
employed from one side of the transformer output wind- 
ing; the other side is loaded with a resistor equivalent to 
that of the feedback circuit, in order to preserve sym- 
metry. The feedback also has the advantage of electric- 
ally decoupling the two sliders of the potentiometers. 

The balanced output from 
the cathode-follower asso- 
ciated with each pair of 
potentiometers is fed to two 
banks of contacts of the 
rotary uniselector switches. 
The thirteen cathode-follow- 
ers are connected to contacts 
1 to 13 (corresponding to Test 
directions 0° to 180°), con- 
tacts 14 to 24 (corresponding 
to directions 195° to 345°) 
being normally connected 
through a _ twenty-two pole 
two-way switch to contacts 
12-2 respectively. This switch 
permits the polarity of sig- 
nals fed to contacts 14 
to 24 to be the same as 
that for contacts 12-2 (the 
requirement for _ vertical* 


input from 
final adder 


* The axis of the system is taken to be 
vertical. 
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through the centre of the 
element and the axis of 
the mast. 


THE ELe&MENT-WEIGHT- 

ING CONTROLS 

The outputs from the 
uniselector wipers are 
applied to the element- 
weighting potentiometers 
(shown in Fig. 5), to per- 
mit the amplitude and 
phase of the current in 
each element to be taken 
into account. Two poten- 
tiometers are associated 
with each element, one 
corresponding to the real and the other to the imaginary 
component (x and y respectively) of the current in the 
element. The potentiometers are set up by means of a 
calibration key which disconnects the normal circuit, 
applies a d.c. supply, and connects the wiper to a d.c. 
meter. 

The output voltages from all the x-weighting poten- 
tiometers are combined in a resistive circuit, and the sum 
amplified by one half of the double triode, Vis, in 
Fig. 5. In the same way the other half, Vio», amplifies 
the sum of the outputs from the y-weighting potentio- 
meters. In both cases a resistive feedback network is 
provided to reduce interaction between the weighting 
controls, as in the circuits associated with the pattern- 
setting potentiometers, The outputs of the adding net- 
works are applied to two cathode-followers (Vix in Fig. 5); 
the two cathodes are connected by a network which ad- 
vances the phase of the y-output relative to that of the 
x-output by 90° before adding. 
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THe Output Circuit 

The output circuit is shown in Fig. 6. After amplifica- 
tion and detection the modulus of the output is indicated 
on a meter. As it is usually convenient to have the out- 
put normalized with respect to the maximum value, the 
amplifier is provided with an adjustable gain control; 
this enables the maximum reading to be set to full scale 
on the meter. The effective range can be extended by 
means of a switch which provides +6dB steps in the 
indication. 

The output circuit is also used in adjusting the pattern- 
setting controls. Connexions to the wipers of these con- 
trols are provided by the test points, which are shown in 
Fig. 4. These can be connected to the output circuit by 
means of a test lead, the controls being adjusted in turn 
to the required value; the need for calibrated potentio- 
meters is thus avoided. Moreover, the effect of the finite 
load on each potentiometer is automatically taken into 
account. The test lead is made of double-screened cable, 
the inner screen being connected to the cathode of the 
first ampifying valve, and the outer screen to earth. This 
prevents hum and other stray pick-up, while the double- 
screen arrangement reduces the effective stray capacitance 
of the screened cable. 


OPERATING FACILITIES 

In the design of some aerials the radiation in a limited 
number of directions is of special importance. It is then 
convenient to be able to derive these values rapidly, in 
order to decide whether it is worth while exploring the 
complete radiation pattern. This facility is provided by 
a ‘hunt’ key which rotates the whole set of elements until 
element 1 is in the selected position indicated by the 
window of the setting switch. 

It is sometimes necessary to work on two independent 
problems at the same time. Two banks of pattern- 
setting potentiometers (bank A and bank B) have there- 
fore been provided, and either may be used for the basic 
type of computation described; one radiation pattern can 
be ‘stored’ while the other is being used, thus avoiding 
repeated setting-up of the same patterns. 

Banks A and B may also be used in association, in a 
number of ways. Bank B may be set up to correspond 
to the radiation pattern of a single element at bearings 
differing by 74° from those of the main bank; it is thus 
possible to obtain the radiation pattern of the array at 
angular intervals of 74°. Alternatively, the two banks 
may be used when the aerial element has an asymmetrical 
radiation pattern. The pattern for the range of bearings 
0° to 180° is set up on bank A and that for the range 
195° to 345° on bank B. Again, if bank A _ potentio- 
meters are set up to correspond to the radiation pattern 
of one type of element, and bank B to correspond to 
that of a different type (for instance, an element having 
a different spacing from the axis) the radiation patterns 
of combinations of such elements can then be derived. 

In passing it may be mentioned that the speed of setting 
up could be increased, and at the same time the accuracy 
improved, by using tapped transformers in place of the 
pattern-setting potentiometers; three transformers in place 
of one potentiometer would offer the facility of rapid 
setting to an accuracy of 0-1 per cent, but at the expense 
of circuit complication. A combination of transformers 
and potentiometers is also possible. 


Switching Control Circuit 

A simplified circuit diagram of the switching control 
system is shown in Fig. 7. It is intended to demonstrate 
only the principle of setting, stepping and associated 
facilities; a great deal of the inter-connecting circuits 
have therefore been omitted. 
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The eight uniselectors are designated A... H, but for 
clarity their circuits are omitted where repetitive in charac- 
ter. In the description that follows it is assumed that all 
eight uniselectors are in operation; in practice, however, 
the bank selector switches are arranged to keep in circuit 
only those required for the number of elements in the 
array. 


UNISELECTORS 

Each uniselector has eight banks of contacts, with 
twenty-five contacts in each bank, distributed over an arc 
of just under 180°. It has a rotating shaft, located at the 
centre of the arc of contacts, carrying eight wipers and 
slip rings; it therefore acts as a twenty-five way eight- 
pole switch. Current is conveyed to the wipers by means 
of spring-wire brushes. All wipers are double-ended, i.e. 
each has two contacts 180° part; thus when one end of 
the wiper leaves contact 25 the other moves on to contact 
1, so that each wiper connects with all contacts twice per 
revolution of the shaft. 

The shaft is driven by means of a fifty-tooth ratchet 
wheel and pawl. It is operated by an electromagnet 
(MA ...MH in Fig. 7(b)) which lifts the pawl over one 
tooth, against the pull of two springs. On release of the 
magnet the springs restore the pawl and in so doing 
move the wipers on by one step; the wipers thus step 
forward only when the magnet is released, not when it 
operates. A fixed detent prevents backwards rotation, 
and a fixed stop locks the pawl against the ratchet wheel 
when the magnet is released, so preventing over-shooting. 
Just before the pawl passes over the edge of a tooth on 
the ratchet wheel, a pair of auxiliary contacts (A/1... 
H/1 in Fig. 7(b)) is opened by an extension of the magnet 
armature; they close again when the magnet is fully 
released. One of the main purposes is to enable the 
uniselectors to step round repeatedly as long as a voltage 
is applied to the electromagnet in series with the auxiliary 
contacts; when the uniselector is correctly adjusted self- 
driving occurs at a speed of 50 to 60 steps per second. 
Of the eight banks of contacts, two are used for switching 
control purposes, and four are used in the computing 
circuits; the banks of each uniselector have the following 
functions: 

Bank 
Bank 


(Bridging wiper) Stepping 

Hunting setting and posi- 
tion indicating 

Balanced input from pat- 
tern-setting controls of 
bank A* 


Bank ) 
Bank ‘ | 


Bank 
Bank 7 


Banks 1 and 8 are not used 


tern-setting controls of 


bank B 


Balanced input from pat- 


SETTING AND LAMP INDICATION 

Fig. 7(a) is a simplified circuit diagram showing only 
those parts connected with the initial setting and indica- 
tion of the wiper positions. With the element-position 
key of one of the uniselectors in the ‘set’ position, as 
shown in the diagram for uniselector A, the contacts of 
bank 2 are earthed via the contacts of relay RS. (The 
reason for the direct earthing of contact 25 is given 
later.) The wiper of bank 3 is also switched to earth. 
Under these conditions the uniselector self-drives until the 
wiper position corresponds to the setting-switch position. 
An earth is then applied to relay RS via the setting switch 
and the wiper of bank 3; this disconnects the bank 2 


* When computing with elements having an asymmetrical pattern, uniselector 
banks 4 and S$ have inputs derived from both A and B pattern-setting 
controls 
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contacts from earth and further stepping of the uniselector 
is prevented. 

The contacts of bank 3 are also connected to the 50V 
supply via a set of twenty-four indicator lamps. These are 
arranged in a ring round the setting switch, and indicate 
the bearing which corresponds to the wiper position. 
The ‘indicate’ position of each of the element-position 
keys allows a lamp to light according to the position of 


Uniselector A 


Common relays 


To ‘set switch contacts 
for other uniselectors 





At this time the coil of the relay RA is short-circuited 
and therefore inoperative. As the uniselector pawl falls 
over a tooth on the ratchet wheel contacts A/1I open, 
causing the electromagnet MA to release and move the 
wipers of uniselector A one step. (The impedance of 
MA is small compared with that of RA.) At the same 
time relay RA operates, preventing any further operation 
of the electromagnet and applying an earth to the input 
of uniselector B via the re-made 
contacts A/1; a similar cycle is 
then repeated for uniselector B. 
The stepping process continues 
until relay RH operates; provid- 
ed the stepping button is released 
the RH contacts short-circuit re- 
lay RP, and so release it. The 
relays RA ... RH are then re- 
leased in preparation for the 
next operation of the stepping 
; button. 

This arrangement ensures 





Element 
position 
key 


Normal o “ind 


4 [Rs that only one step can be made 

y at a time and that all uni- 
selectors have time to make one 
step, independent of the time 
for which the stepping button 








Common relays 
+ 50V 


Stepping 
button 
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is pressed Furthermore, the 
steps are made _ sequentially 
rather than simultaneously, in 
order to reduce the power con- 
sumption to that of one uni- 
selector only. 

As only twenty-four of the 
twenty-five contacts are re- 
quired, any uniselector which 
has reached contact 25 must 
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the element corresponding to the key, but does not initiate 
the setting operation just described. 


STEPPING CIRCUIT 

Fig. 7(b) is a simplified diagram of the circuit arrange- 
ment for stepping the uniselectors. When the stepping 
button is pressed relay RP operates and closes two pairs 
of contacts. One pair prevents the release of RP until 
the last uniselector has operated; the other applies an 
earth to the input of uniselector A. This causes the 
magnet MA to operate through the closed contacts A/1. 
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Fig. 7. Simplified circuits for switching control 


be automatically stepped one further step to contact 
1, without impulsing the next uniselector. It is for this 
reason that contact 25 is in each case provided with a 
direct connexion to earth as shown in Fig. 7(b). Sup- 
pose uniselector A wiper arrives at contact 25. All the 
subsequent selectors then operate and on release of the 
stepping button the relays are released as before except 
that, when RA releases, the earth on contact 25 causes 
uniselector A to step once again; however, the subse- 
quent selectors do not operate since there is no input 
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earth connexion to pass on. Similarly, any uniselector 
which steps on to contact 25 is automatically stepped on 
to contact 1 as the last stage in the stepping cycle. 


HUNTING 

Hunting is the process of continuously stepping the 
uniselectors as a group, as distinct from taking one step 
at a time, thus enabling the position for a selected bearing 
to be reached quickly. The element-position key for 
element 1 is kept switched to the ‘indicate’ position, thus 
earthing the bank 3 wiper of uniselector A. 

When the hunt key is operated an earth is applied to 
the bank 2 contacts of uniselector A, as for stepping, but 
via the contacts of relay RQ (Fig. 8(b)). In addition a 
contact of relay RH associated with the final uniselector 
is connected to relay RT, which in turn controls the 
operation of relay RQ. The uniselectors then form a 
ring-type circuit in which the completion of one stepping 
cycles initiates the next cycle. Thus the completion of 
one cycle is terminated by the energizing of relay RQ 
which removes the input earth. The output earth from 
RH is then removed and the next cycle is initiated by the 
slow-release relay RQ which re-applies the earth to uni- 
selector A a short time afterwards. 

Repeated stepping continues until the desired ‘hunt’ 
position, which is controlled by the setting switch, is 
reached. When the earthed wiper of bank 3 arrives at 
the setting switch position, relay RS operates and iermin- 
ates the hunting process by causing relay RQ to lock in, 
instead of slowly releasing. 


The Complex Pattern of a Single Element 

The raw material on which the computer operates is 
the h.r.p. of a single element of the array, expressed as 
a set of complex numbers. In idealized cases the radia- 


tion pattern can be calculated. For instance, a theoreti- 


cal result is available for a doublet mounted on an 
infinitely-long perfectly-conducting cylinder’; this applies 
also to a perfectly-conducting cylinder of finite length 
provided it extends sufficiently far beyond radiating ele- 
ments. This result has been extended to cover the cases 
of vertical and tangential half-wave dipoles, and of radial 
quarter-wave unipoles, mounted on a cylinder; a set of 
tables giving the complex-number patterns for a range of 
cylinder radii and dipole spacings has been prepared, 
using a digital computer’. 

A regular polygonal mast can be regarded as equivalent 
to a cylinder having the same capacitance per unit length, 
provided the cross-sectional area is sufficiently small. An 
approximate theoretical method has been published for 
polygonal masts of large cross-sectional dimensions’. 

In those cases where a theoretical result is either not 
available or difficult to compute, the complex radiation 
pattern may be measured‘, for instance by using a small- 
scale model. 

If the radiating elements are of a simple type (for exam- 
ple half-wave dipoles) the effect of mutual interaction 
between them is automatically taken into account by speci- 
fying tue currents in individual elements, although the 
realization of the correct current ratios remains a prob- 
lem for the designer of the distribution feeder system. 
However, calculations based on the addition of element 
patterns do not in general include the effect of re-radiation 
from the supporting arms, or from the elements them- 
selves if these are of a complex type. Fortunately, these 
effects are negligible in many practical cases. Moreover, 
in certain other cases, namely when similar elements are 
disposed at equal angular intervals round the mast, the 
pattern of one element may be determined experimentally 
in such a manner that re-radiation effects are included. 
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The computer can also be used if the radiating elements 
consist of longitudinal slots in a cylindrical mast. Here, 
in the case of half-wave slots, the feed voltage rather 
than the feed current must be regarded as determining 
the weighting factor; this takes account of mutual inter- 
action, being analogous to specifying the current in the 
case of half-wave dipoles. Sinclair® has given a theoreti- 
cal result for the pattern of a longitudinal slot in a 
cylinder. 


The Converse Problem 


The computer described assists in solving problems only 
on a ‘trial and error’ basis; the operator feeds in a pro- 
posed. arrangement and the computer gives the perform- 
ance. If the result is unsatisfactory the operator, guided 
by judgement and experience, feeds in a different proposal 
and so on, until a satisfactory solution is obtained. 

It would be much better if a machine could be designed 
to solve the converse problem, namely to find the simplest 
way of achieving a prescribed radiation pattern. Although 
this is theoretically possible there is not a unique solution, 
and finding the simplest system which satisfies the require- 
ments presents formidable difficulties. 

It is clearly unnecessarily restrictive to specify the pre- 
cise shape of the radiation pattern; a tolerance in the 
e.r.p. is usually permissible, and it is desirable to take 
advantage of this to achieve the most economical design. 
The tolerance may be large in some directions and small 
in others, but it would entail great complication to make 
a machine exercise judgement in this respect. Since only 
the modulus of the radiation pattern need be specified, 
the best a computer can do is first to calculate the pattern 
for a chosen number of radiating elements, and then to 
derive a factor proportional to the overall deviation from 
the required pattern; some means would then have to be 
devised to adjust the weighting controls to minimize the 
deviation factor. (The deviation calculation could be 
processed to correspond to the degree of importance of 
the deviation in different directions.) The process is then 
repeated for an increased number of radiating elements 
until a satisfactorily small overall deviation is achieved. 
There is an added difficulty in that, for a given number 
of radiating elements, there may be more than one condi- 
tion corresponding to a minimum deviation (in the mathe- 
matical sense), and it is mecessary to search for the 
smallest minimum. Again, a particular solution found 
by the computer may entail relationships between the 
currents in the radiating elements which are difficult to 
achieve with practical circuits. These difficulties suggest 
that the best compromise may well be a simple computer 
of the type described, the operator exercising judgment 
in deciding the tvpe of array to be investigated. 

If required, the computer may be used in conjuction 
with any visual display of the type used to show experi- 
mental patterns of aerials—for example a polar display 
with a long-persistence cathode-ray tube. 


Acknowledgment 

The authors wish to thank the Director of Engineering 
of the British Broadcasting Corporation for permission 
to publish this article. 


REFERENCES 


. Carter, P. S. Antenna Arrays Around Cylinders. 
671 (1943). 

. Kntont, P., Davies, R. Tables of Complex Horizontal Radiation Patterns 
of Dipoles Mounted on Cylinders. (B.B.C. Monograph 1961.) 

. Kntout, P. Methods of Calculating the Horizontal Radiation Patterns of 
Dipole Arrays Around a Support Mast. Proc. Instn. Elect. Engrs. 105B, 548 
(1958). 

. Monteatu, G. D., Waytue, D. J., HuGHes, K. W. T. A Method of Amplitude 
and Phase Measurement in the V.H.F./U.H.F. Band. Proc. Instn. Elect. Engrs. 
107B, 150 (1960). 

5. Sivciam, G. The Patterns of Slotted-Cylinder Antennas. Proc. Instn. Radio 
Engrs. 36, 1487 (1948). 


Proc. Inst. Radio Engrs. 31 


APRIL 1961 





A High Speed D.C.-A.C. Servo Drive Unit 


By B. A. Unvala*, B.Eng. and B. T. Denvirt 


The prototype servo unit described was required to operate a 10W a.c. servo motor from a low 

voltage input over the frequency range d.c. to 70c/s. The circuit comprises a diode ring modulator 

switched at 400c/s, followed by an a.c. amplifier incorporating phase-shift and limiter networks, The 

modulator uses silicon rectifiers, and the amplifier is completely transistorized using silicon transistors 
throughout. The power supply circuit is also described. 


(Voir page 264 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 271) 


HE unit described here was required to drive a 400c/s 

servo motor type 18M-10D/2, which incorporates a 
built-in tachometer. A schematic diagram of the system is 
shown in Fig. 1. 

The modulator consists of a diode ring modulator, pre- 
ceded by a transistor stage with high input impedance 
operating from a low impedance source. The modulator 


Reference 
400c/s 


f 


$ 





TACHOMETER 











MODUL ATOR 
Vv 




















Fig. 1. The complete system 


is switched at 400c/s by the reference signal, and the r.m.s. 
value of its output is required to be constant for input 
signal frequencies from zero to 70c/s. 

The amplifier is required to give sufficient gain to drive 
the motor at the full rated power of 10W and must intro- 
duce the necessary phase-shift with respect to the reference 
signal. In addition, since the feedback from the tacho- 
meter decreases as the speed of the motor is reduced by 
mechanical loading, a limiting circuit is incorporated to 
protect the motor against overloading. 

A power supply circuit is also included operating from 
a 400c/s 115V source to give the a.c. reference and modu- 
lator switching signals, and the d.c. bias voltages, The 
complete unit was required to operate over the ambient 
temperature range 30°C to 40°C, but since silicon devices 
are used minor modifications in other components would 
make it possible to operate the unit at temperatures up to 
90°C. 


Feedback System 
The tachometer feedback is used to improve the 
linearity, the frequency response and the stability of the 
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system. Referring to Fig. 1, the output from the tachometer 
at the maximum speed of 4500 rev/min is 13-95V. Without 
feedback from the tachometer the gain of the amplifier 
from the amplifier input to the tachometer output ts 
46°5dB, so that the input is 67mV. With a feedback factor 
of 10 the gain of the modulator can be near unity In fact 
it was 0-87, and the maximum a.c. input was 0-74V. Thus 
the r.m.s. value of the fundamental component of the 
output from the modulator is 0-644V. 


rr 
Low impedance 7f 
source } 


f Ry" 
Be. e ) 
= a 
= 
Rite 





LOAD 











Fig. 2. The input 


Therefore, referring to Fig. 1: 
Vin _ Vx Vx — V out 


a. 
at maximum signal condition. 
That is: 
13-95 
0-644 - 


0-067 


R,/R 0-067 


and the feedback factor is: 
0-644 9-65 
0-067 
In practice, a small capacitance was connected in 
parallel with R2 to correct a slight phase inaccuracy in the 
tachometer output voltage. 


The Modulator 
INPUT STAGE 

The basic circuit of the input stage is shown in Fig. 2. 
This balanced circuit was used to reduce the effect of drift 
of d.c. levels due to changes in transistor parameters with 
temperature. In addition the common-collector configura- 
tion ensures a high input impedance. Since the input volt- 
age may be either positive or negative with respect to earth 
the emitter resistors are taken to a negative supply rail. 
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The complete modulator circuit is given in Fig. 3, show- 
ing the full input stage. The potentiometer RV: allows 
adjustment for zero output with the input short-circuited, 
to counteract small differences in the base-emitter voltages 
of the two transistors, and to correct for unbalance in the 
diode ring modulator. Adjustment of potentiometer RV; 
ensures that the base of V7; is at earth potential when the 
input is open-circuited. The diodes MR; and MR, protect 
the transistor V7, against accidental voltages surges from 
the source. 


DiopeE RING MODULATOR 

The voltage for switching the diodes (0-9V-0-0-9V) is 
taken from a separate winding on the power supply trans- 
former and the 10{) resistor in series with each diode is 
included to restrict the diode current to 90mA, The modu- 
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2 
-32V 
Modulated 
output 
——e) 


The complete input stage and modulator 


Fig. 3. 


lator output is taken through a 1:1 transformer with the 
primary centre-tapped. Thus the square wave output volt- 
age has an r.m.s. value (and also peak value) equal to the 
d.c. input voltage to the modulator, and is in phase with 
the reference signal. 


INPUT IMPEDANCE 

The input impedance of the diode ring modulator is 
approximately equal to the impedance at its output (the 
series resistances and transformer winding resistance being 
negligible); that is 3-3kQ. Consequently the input imped- 
ance of the input stage is @ x 3-3k© in parallel with the 
resistance of the potentiometer chain. This gives a mini- 
mum total input impedance of 20k. 


GAIN 

The gain of the common collector input stage is 0-954. 
Since the r.m.s. value of the fundamental component of a 
square wave is 0-91 times the r.m.s. value of the square 
wave the overall gain of the modulator is 0-954 x 0-91 =: 
0-87. 


The Amplifier 
The amplifier contains the following stages: 
(1) Phase-shift network 
(2) Pre-amplifier 
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(3) Limiter 
(4) Power amplifier. 


A block schematic diagram is given in Fig. 4, where the 
feedback from the tachometer to the amplifier input is 
indicated, Feedback is also applied over the pre-amplifier 
and the power amplifier stages individually to stabilize 
their gains. 

PHASE-SHIFT STAGES 

The current output from the amplifier is required to be 
90° out of phase with the current in the reference windings. 

The phase changes introduced between the reference 
voltage and the current in the control windings, by the 


modulator, the pre-amplifier and the power amplifier, 
are simple phase reversals. Hence, the necessary adjust- 
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Fig. 4. The amplifier stage 
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Fig. 5. Phase-shift network 


ment of the phase of the input to the pre-amplifier is 
determined by the relative phases of the reference voltage 
and the current in the reference winding. The impedance 
of the reference winding of the motor is (250 + j 550) 
ohms so that the reference current lags the reference volt- 
age by an angle tan~ (550/250). Consequently, the control 
current, and hence the voltage input to the pre-amplifier, 
must lead the reference voltage by an angle tan~! (250/550), 
or 24-4°. 

The square wave output from the modulator has a 
second harmonic content due to the non-linear magnetic 
characteristic of the core of the output transformer. A 
phase lead network would accentuate this second harmonic 
and overload the motor and the output stage under maxi- 
mum signal conditions. For this reason a 155-6° lag net- 
work is used, and this effectively attenuates the harmonics. 

The phase-shift circuit is shown in Fig. 5. As a com- 
promise between economy of components, low attenuation 
and low necessary component tolerances, a four stage lag 
circuit was used with two common-collector buffer stages. 
if the phase-shift stages were not loaded the total 
attenuation would be 2°85; in fact the attenuation 1s 
increased to 4-3 by loading. Using 1 per cent resistors 
and 2 per cent capacitors the tolerance of this attenuation 
is +9 per cent. This is further increased to +13-6 per cent 
by the tolerance of the supply frequency. 
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The component tolerances introduce a_ phase-shift 
tolerance of +3-2°, and this is further increased to +7-2° 
by the tolerance of the supply frequency. Since an in- 
accuracy of @ in the phase-shift decreases the torque in 
the motor by a factor cos 6, this increases the effective 
gain tolerance of the complete system by +0:5 per cent. 
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Fig. 9. The power supply 


work. Furthermore, the output impedance must be con- 
siderably greater than the forward resistance of the limiter 
diodes, for efficient limiting, and considerably less than 
the input impedance of the power amplifier. These condi- 
tions are achieved by using series current feedback, exclud- 
ing the load resistance of 4-7k{22 from the feedback loop. 
Thus the output impedance is approximately 4-7kQ) in 
parallel with the output impedance of the transistor. 


The circuit of the pre-amplifier is shown in Fig. 6. In 
this circuit the feedback factor is sufficiently large to 
+ 4k make the gain approximately equal to: 
MR, V R./R ReRuR 
4 e Rss (ReRu + RyRy, + RoR) 
ig. 7. The limiter Using 1 per cent resistors for Re and Ry, and taking 
the tolerance on current gain to be +1-:25 per cent, the 
tolerance on the gain of the amplifier is +3-25 per cent 
The input impedance of the amplifier with feedback 
applied is: 


? 25022 


Zin 3s {hins + 120 (1 + fe fz)} 


where £;, 8; and (@; are the common-emitter current gains 
of VT;, VT; and VT; respectively and hj; is the common- 
base input impedance of V7;. Thus, assuming a mini- 
mum £ current gain of 20 for all transistors, the minimum 
input impedance is approximately 960k12. 

The pre-amplifier is designed to work satisfactorily with 
a range of d.c, bias voltages to allow for the spread of 2 
values for V7;, VT, and VT;, and for the spread of base- 
emitter voltages for VT; and V7,. 


ig. 10. The prototype anit 





Fig. 8. The power amplifier 


PRE-AMPLIFIER 

As previously stated the input to the pre-amplifier when 
the motor is running at maximum speed is 67mV and, 
in fact, the limiter restricts the input to the power ampli- 
fier to 0-65V peak. In the phase-shift stages, with an 
attenuation of 4-3, the ratio of peak 400c/s output to 
peak square wave input is, 4/(z x 4:3) = 1/3-38, so that 
the gain of the pre-amplifier must be: 

650 x 3°38 _ 32-6 
67 

The pre-amplifier must also have a high input imped- 

ance to avoid loading the last stage of the phase-shift net- 
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THE LIMITER 

The circuit of the limiter is shown in Fig. 7. Many 
different types of diodes were examined to determined 
which were most suitable for this application. It was 
found that the forward characteristic of low voltage Zener 
diodes gave the sharpest limiting and the most consistent 
voltage drop (650mV + 5 per cent). 


THE POWER AMPLIFIER 

The circuit of the power amplifier is given in Fig. 8. 
A silicon medium power transistor type 2S017 (VT\) is 
used to drive a pair of silicon power transistors type 
28012 in class-B push-push. This push-push arrangement, 
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Fig. 12. Attenuation and phase-shift of output with and without 
tachometer feedback 
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Fig. 13. Variation of output current with input voltage with and without 
tachometer feedback 


with a centre-tapped power supply, makes it possible to 
take a feedback voltage from a low resistance in series 
with the load, and avoids the use of the centre-tap of the 
control winding. 

The input impedance of the power amplifier must be 
high to avoid loading the limiter. A 2S004 transistor 1s 
used in the input stage with a small amount of emitter 
degeneration. Since 2S017 driver transistor has a fairly 
low input impedance a 2S002 transistor in common- 
collector configuration is interposed between it and the 
input stage. 

The input impedance of the amplifier is increased by 
feedback from the output to the emitter of the input stage. 
The feedback voltage is produced across a resistance of 
0:7062 in series with the control winding of the motor. 

The feedback also increases the output impedance of 
the amplifier, and thus provides constant load current. 
Since the load is partly inductive the time-constant of the 
output circuit is L/Row, where L is the inductive com- 
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ponent of the load and Rou the output impedance, Thus 
the increased output impedance improves the frequency 
response, and hence the transient response. 

With no feedback applied the maximum input voltage 
for full output is 13mV and the minimum input imped- 
ance is 14k{2. When feedback is applied the equivalent 
figures are 650mV and 700k. 

When the amplifier is delivering the full rated power to 
the motor the current in the motor lags the voltage across 
it due to the inductive component of the load impedance. 
This doubles the peak volt-amperes handled by the tran- 
sistors by comparison with that for delivering the same 
power to a resistive load. The peak-to-peak voltage swing 
is 56-5V and the peak-to-peak current swing 2-64A. 


Thus the output power is: 
Rout V rms! rms 
tan“! R/L is 62°12. 


. COS 6 
where 6 
Therefore: 
Pou = 20 x 0-93 x 0:466 
~ 8-7W. 


POWER SUPPLIES 

The power supply transformer has three separate secon- 
dary windings and operates from 115V, 400c/s input. The 
circuit is given in Fig. 9. One secondary uses a centre- 
tapped bridge circuit to give +32V-0- -—32V for the 


output stage of the power amplifier, and for the modu- 
lator. Another winding employs a full-wave rectifier circuit 
to give a stabilized +47V supply for the remaining stages. 
Finally, a third winding gives the modulator switching 
signal. The voltage tolerance for the 115V, 400c/s supply 
is +2 per cent and the frequency tolerance +4 per cent. 


Conclusion 

A photograph of the prototype unit is reproduced in 
Fig. 10. The complete circuit, given in Fig. 11, has a 
minimum input impedance of 20k{2, and there is adjust- 
ment for zero speed of the motor with zero input voltage 
under both open-circuit and short-circuit input conditions. 
The frequency response of the complete unit (from the 
modulator input to the mechanical response of the motor) 
is substantially level from d.c, to 70c/s. The attenuation 
and phase-shift with and without feedback are plotted 
against frequency in Fig. 12. 

The tolerance of the open loop gain owing to variation 
in the gain of the phase-shift network, pre-amplifier and 
power amplifier is +19-35 per cent or +1-54dB. It should 
be stressed, however, that +17-1 per cent or +1-34dB 
variation of gain is caused by the resistor and capacitor 
tolerances alone. 

The components in the phase-shift network are the 
most important from this point of view, and the accuracy 
margin of the amplifier can be improved considerably by 
using closer tolerance components in these stages. 

The tachometer feedback may be altered by simply 
changing the ratio of R2 to R:, and the gain of the pre- 
amplifier. The latter is best done by changing the value 
of R3;. By increasing the tachometer feedback and increas- 
ing the loop gain of the amplifier it should be possible to 
extend the frequency response of the complete system. 

The linearity of the variation of output current with 
d.c. input voltage, and the limiting of the output, are 
shown in Fig. 13. Curve 1 shows the characteristic with 
the motor stalled, i.e. without tachometer feedback, and 
curve 2, that with the motor running freely, i.e. with 
tachometer feedback. 
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Radio Guided Tours for the Scienee Museum 


The Ministry of Works has installed at the Science Museum, 
South Kensington, a system operating on the induction loop 
principle by means of which tape recorded commentaries can 
be transmitted over a limited area where they can be received 
by visitors carrying small receivers. 

The system is similar to that used at International Con- 
ferences for multi-lingual translation service. 

It is stated that this is the first time that a system of radio 
guided tours has been installed in a national museum and it 
is expected that it can be adapted for similar purposes for use 
in art galleries, stately homes and the like. 

At the present moment, the Iron and Steel, Electric Power 
and Sailing galleries of the Science Museum have been 
equipped but further extensions will be made if this scheme 
is successful. 

A number of advantages over the personally-conducted tour 
is claimed for this system. The recorded voices of experts in 
each field of science can be employed to guide parties round 
the galleries as often as is required, and the recording can be 
adapted to suit the age and experience of members of parties. 
At the same time the visitor can enjoy the freedom of a small 
party, he is able to view the exhibits with greater comfort, 
and he is able to hear every word of the commentary. 

A visitor using the present system has merely to follow 
the instructions contained in the commentary while making his 
tour. They take him from display to display. 

Each commentary lasts about twenty minutes. Once the 
system is switched on at the control point it works auto- 
matically, the tape recorders in various key parts of the 


One of the receivers 


museum playing their commentaries, re-winding their tapes 
for the next transmission without any attention being necessary. 

The radio guide system has been developed by the Multi- 
tone Electric Company Ltd and is based upon the inductive 
loop principle, which has already become widely used for 
pocket paging staff location systems. The frequencies allocated 
for this purpose are 50, 62, 74, and 86kc/s. 

The transmitting equipment consists of an automatic tape 
playback mechanism, the output from which is fed to a pre- 
amplifier which modulates an oscillator on one of the four 
frequencies chosen. Where small areas are to be covered, the 
modulated output from one or more of these oscillators is 
then fed to the loop of wire encircling the room. Where larger 
areas have to be covered, the output from the oscillator is fed 
to a transistorized power amplifier 

The output from up to four of these power amplifiers can 
again be used in separate loops or mixed on a single loop 

The four frequencies can be used for the spatial separation, 
or for using four separate languages in a single room, or for 
the time spacing of visitors as required. 

The receiver is enclosed in a grey plastic moulding 
resembling a lorgnette, about 20in long and about two inches 
in diameter, and weighing only 7 ounces. 

The receiver is operated by transistors and is fed from a 
single cell battery giving a useful life of more than 300 hours. 
The receiver and battery are contained at one end of the mould- 
ing. At the other end is a small loudspeaker. 

Automatic volume control and printed wiring are employed, 
and the receiver is equipped with a feur channel selector switch 
and a combined on-off volume control. 

This hand-held type of receiver eliminates 
extension cords used with separate earpieces. 


the use of 
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Long-Distance Waveguide Transmission 


By R. Hamer*, Ph.D. 
(Part 1) 


The feasibility of long-distance circular waveguide (Hy:-wave) transmission using frequency modula- 
tion is examined, on the assumptions that a special waveguide structure is provided and that waveguide 
imperfections are random. The fundamental limitations considered are: (a) increase in Ho-mode 
attenuation due to mode conversion at waveguide imperfections; (b) intermodulation distortion 
arising from parallel-flow and echo signals; (c) dispersion in the waveguide. 
The analysis is made with particular reference to multi-channel telephony transmission, since this 
presents the greatest difficulty; the modulating signal is simulated by random noise. 
The results of the analysis are applied to a hypothetical route comprising random jointed sections 
of 2in diameter copper tubes lined with a lossy dielectric. The resultant intermodulation noise in 
a telephone channel of a 2700-channel system is deduced for a range of parameters, at a carrier 
frequency cf 35Gc/s. 
It is concluded that the limitations examined do not preclude the use of frequency modulation in 
long-distance circular waveguide transmission. 


(Voir page 255 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 272) 


LTHOUGH the transmission of the Hoi-mode wave in practical waveguide is the increase in the Hboi-mode 


circular-section waveguide is attractive because of the 
inherently low attenuation’, great difficulty is encountered 
in practical applications, chiefly owing to the effects of 
mode-conversion and re-conversion® (what has been termed 
‘ parallel-flow’) and dispersion. This has led to a con- 
sideration of rugged modulation systems; in particular, to 
pulse-code modulation, which does not require a high 
degree of uniformity in the transmission characteristics of 
the signal path. The effects of parallel-flow and dispersion 
are so serious in a practical waveguide structure that the 
use of pulse-code modulation (p.c.m.) appears to offer the 
only short-term solution to the problem cf long-distance 
waveguide communication; all known investigations are 
consequently directed to the use of p.c.m. In spite of this, 
it is considered that a detailed investigation of the feasi- 
bility of using frequency modulation in circular waveguide 
transmission is of value. The reasons for this are: 

(a) F.M. is inherently a much simpler method of modu- 
lation, with a background of advanced techniques 
arising from the development of broadband micro- 
wave systems’. 

Any future circular waveguide systems will have to 
be integrated with the existing highly developed 
frequency-division multiplex (f.d.m.) — telephony 
systems; this is more readily achieved with f.m., 
which offers the possibility of direct modulation of 
the waveguide carriers by f.d.m. baseband signals of 
very high capacity. 

The facility of inserting and extracting large f.d.m. 
signal blocks at convenient points in a long wave- 
guide system is likely to be more economical when 
using f.m. 

The signal-to-noise ratio in p.c.m. systems is sub- 
stantially independent of the distance between wave- 
guide terminals; consequently, little difficulty is likely 
to be encountered in very long routes, since the 
tolerable power recommended by the 
C.C.LT.T. is proportional to route length. However, 
in countries where the centres of dense population are 
not very far apart, the required performance of 
p.c.m, terminal equipment may be impracticably 
high. 


When p.c.m. is used, the chief limitation imposed by a 


noise 


* General Post Office Engineering Department 
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attenuation due to unwanted coupling to parasitic modes 
at waveguide imperfections, The effects of parallel-flow 
and dispersion in producing signal distortion are of secon- 
dary importance. With f.m., on the other hand, the latter 
effects are of primary importance while, at the same time, 
the need to avoid excessive Hyi-mode attenuation is just 
as important as with p.c.m. Furthermore, although Hny:- 
mode echoes, due to reflections at small discontinuities in 
the waveguide, may be neglected in p.c.m. systems, they 
can be a source of f.m. signal distortion. 

It is proposed here to examine the fundamental limita- 
tions in the use of f.m. transmission in circular waveguide, 
and to assess the feasibility of this method. Other prob- 
lems unrelated to the waveguide limitations also arise in 
the use of f.m. that are not necessarily present with p.c.m., 
such as those of amplification and frequency-conversion. 
These are outside the scope of the present investigation, 
but it is considered that current developments in electron 
devices and semiconductors are likely to provide satisfac- 
tory solutions in the future. The investigation is based on 
the following important assumptions: 


(1) A special waveguide structure is used, designed to 
break the degeneracy between the Hy: and E: modes 
and to increase the attenuation of unwanted modest 
relative to that of the Ho: mode. 


(2) The waveguide is manufactured and laid in such a 
way as to avoid periodic imperfections and discon- 
tinuities. If, as will be assumed, the guide is com- 
posed of pre-fabricated sections, then the sections 
are made random in length (over a convenient range 
of lengths) and the guide supports are placed at 
irregular intervals. 

The need to remove the Hoi-E:n degeneracy is well 
known‘, and waveguide structures can readily be devised 
to do this. Practical waveguide structures also enable the 
relative attenuation of the unwanted modes, other than 
Hon, to be greatly increased, and this is an essential feature 
of a satisfactory waveguide, irrespective of the method of 
modulation used. 

The effect of periodic non-uniformities in a circular 
waveguide has been examined by Rowe and Warters*, and 
the importance of avoiding such non-uniformities cannot 
be over-emphasized. 


+ This can only be done to a small degree for the Han modes 
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PRINCIPAL SYMBOLS 


differential group-delay per unit length be- 
tween a parasitic mode and the Hy mode 
attenuation coefficient 
increment in attenuation coefficient 
attenuation coefficient of a parasitic mode 
relative to that of the Ho: mode 
phase-change coefficient 
free-space phase-change coefficient 
increment in phase-change coefficient 
phase-change coefficient of a parasitic mode 
relative to that of the Hp; mode 
c.m.s. wave coupling coefficient due to a large 
number of random discontinuities 
curvature of waveguide axis 
waveguide axis offset 
relative permittivity 
ellipticity of waveguide 
trequency 
highest modulation frequency 
r.m.s. frequency deviation 
2Aau 
mean length of waveguide section between 
joints 
total length of waveguide 
free-space wavelength 
cut-off wavelength in guide 
guide wavelength 
r.m.s. modulation index, Af/f, 
radius of waveguide 
r.m.s. wave coupling coefficient per unit 
length due to a large number of random 
lengths of random distributed coupling 
thickness of dielectric film 
delay of echo or parallel-flow signal 
group-delay 
loss tangent of dielectric 
= 2-f,T = echo phase difference at highest 
modulation frequency 
1/2zfra 
velocity of light 
group velocity in waveguide 
mean normalized power transfer per unit 
length to a parasitic mode 
mean normalized Hoi-mode power loss per 
unit length 
mean normalized intermodulation noise 
power density at f, in the baseband 
mean normalized intermodulation noise 
power density at f, in the baseband for 
unit L and w 
Hma mode number, i.e. n™ root of J’m(x) 
distance along waveguide axis 
normalized power of echo or parallel-flow 
signal 
r.m.s. reflection coefficient due to a large 
number of random discontinuities 
tilt angle of axis of waveguide at a joint 
(@ = 0 in straight guide) 
= radius taper angle of non-uniform waveguide 


The suffixes m, n are used to denote quantities 
appertaining to the Hmm mode, except where other- 
wise indicated. 
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The fundamental limitations examined are as follows: 
(a) The increase in the Ho:-mode attenuation due to 
mode conversion at waveguide non-uniformities. 

(b) Signal distortion due to parallel-flow power and 
reflections at discontinuities. 


(c) Signal distortion due to dispersion in the waveguide. 


In considering signal distortion, attention is confined 
to f.d.m. multi-channel telephony modulation, since this 
requires the highest degree of linearity of any modulating 
signals that may be envisaged at present. Furthermore, the 
multi-channel signal is simulated by uniform Gaussian 
noise, and the resulting performance is expressed as a 
noise power ratio® (n.p.r.). In the numerical results, a 
modulation frequency band appropriate to a 2 700-channel 
signal of standard form is assumed, and the band is taken 
for convenience as zero to 12-5Mc/s. 

It transpires that useful results in relation to signal dis- 
tortion due to parallel-flow can be evaluated only for a 
particular waveguide structure, and it has therefore been 
necessary to consider a particular ‘type and size of wave- 
guide. The dielectric-coated copper waveguide’ has been 
chosen, and is considered in detail later. Useful data 
have been evaluated for 2in diameter copper wave- 
guide, with various lossy dielectric films on the internal 
wall, operating at 35Gc/s. The method of analysis is applic- 
able to other types of waveguide structure, but detailed 
results can be obtained only with considerable computation 
for each type considered. 


Attenuation Due to Waveguide Imperfections 

At waveguide imperfections power is coupled from the 
Hy: to other modes having greater attenuation than the 
Ho, mode. At such imperfections power is also re-coupled to 
the Hy: mode from some of the parasitic modes existing at 
that point. The first result of such mode-conversion and re- 
conversion is clearly to increase the effective attenuation 
coefficient of the Hoi-mode. 

Waveguide imperfections are conveniently placed in two 
categories : 

(1) Discontinuities that may be regarded as producing 
point coupling to a parasitic mode, e.g, diameter 
steps and offsets at joints. 

(2) Imperfections that produce distributed coupling to 
parasitic modes over a certain length; e.g. bends, 
ellipticity. 

It is convenient also to recognize two types of coupling 

in the second category: 

(a) Comparatively short coupling lengths over which the 
differential attenuation of the parasitic wave is 
negligible. 

(b) Long coupling lengths (but still treated as short com- 
pared with the total waveguide length) over which 
the differential attenuation is not negligible. 

Type 2(a) couplings, and also point couplings in the 
first category, are associated with imperfections in the 
individual section lengths, occurring at and between joints. 
Because the differential attenuation is negligible, the net 
power loss per unit length is the same as the power trans- 
fer per unit length to the parasitic mode. Distributed coup- 
lings of type 2(b) are associated with route bends and, in 
this case, the net power loss over the coupling length is 
greater than the net power transfer to the parasitic mode. 

The extra Ho:-mode attenuation due to waveguide imper- 
fections may be estimated by calculating the normalized 
power loss per unit length due to each significant parasitic 
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mode, and adding the results, It is shown in Appendix 
(1) that the increment in the Hoi-mode attenuation co- 
efficient due to coupling to a parasitic mode, in a long 
waveguide with random imperfections, is: 


where w’ is the mean normalized power loss per unit 
length. Most of the relevant couplings are of types 1 and 
2(a), for which the net normalized power transfer, w, per 
unit length is equal to w’, so w will be calculated for these 
cases; only for couplings of type 2(b) is it necessary to 
calculate w’. 

Couplings of type 1 give rise to a discrete transfer of 
power to a particular mode or modes depending on the 
type of discontinuity. The mean normalized power transfer, 
w, per unit length throughout a long waveguide with 
random discontinuities is: 


W = (Crms”/) 
where Crms = f.m.s. coupling coefficient at discontinuities, 
1 = mean spacing of discontinuities. 


Couplings in the second category give rise to a power 
transfer depending on the length over which the coupling 
coefficient has the particular value, and on the propagation 
constants of the Ho: mode and the parasitic mode con- 
sidered; the coupling coefficient per unit length is a func- 
tion of the type and magnitude of the waveguide imperfec- 
tion. It can be shown® that with very small coupling over 
a length z the power transferred to the parasitic mode is: 


p = (20°/Af*) (1 — cos Az) 
where o is the wave coupling coefficient per unit length. 


In dealing with short coupling lengths, account must be 
taken of power returned to the Hoi-mode, as indicated by 
the cosine term in equation (3), so the net normalized 
power loss at the end of a coupling length z is p, as given. 

If a long waveguide consists of a very large number of 
random sections of mean length /, and the r.m.s. coupling 
coefficient per unit length is orms, then the mean power 
transfer per unit length to the parasitic mode is: 


Ww - 20 reas" /AB Il Eden (4) 


In a long coupling length it may be assumed that there 
is an integral number of power transfers between the 
modes, together with a residual random portion of a trans- 
fer cycle. It is shown in Appendix (2) that if the relative 
attenuation coefficient of the parasitic mode is Aa, the 
extra power loss suffered by the Ho: mode per transfer 
cycle is approximately : 

p = (40°/ AP’) (1 
and the total power loss over n cycles is: 
/QB*) (1 — e~ 740/44) 


If it is supposed that a coupling length, z, contains n 
transfer cycles and the residual fraction neglected, then 
(from equation (3)): 


ef 4a 4 ‘) 


Po = (4nc* 


z = (2nr/AB) 
and the power lost per unit length is: 
w’ = (207/ABz) (1 — e-*742/48) 

The residual fraction of a cycle, being random, will give 
rise to a power loss as shown in equation (4), so the total 
effective power loss per unit length is: 

w = (20°/Af*z) + (20°/ABx) (1 - 
The value of Az is dependent on the design of the wave- 
guide, so it is proposed here to take the extreme case of 
Aa-—> &% which leads to the greatest power loss; then in a 
long waveguide in which / is the mean coupling length and 


e7t4a/48) 
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Orme the r.m.s. coupling coefficient per unit length, the 
normalized power loss per unit length is: 
Ww’ = (2o°rms* 2/ABD . (2 a */ ABz) 
w = w[l + (ABl/z)) 

If AB is zero (as with the Ey, mode in plain metallic 
waveguide) equation (2) and the succeeding arguments are 
not valid, all the Ho:-mode power then being periodically 
transferred to the parasitic mode and back again‘. In the 
present investigation such degeneracy is excluded, as 
already noted. 

The parameter / in the preceding equations requires 
further examination. In the case of discrete discontinuities, 
1 may be interpreted as the mean section length between 
joints, since point couplings are unlikely to occur except 
at joints. With distributed coupling, however, the length / 
depends on the type of imperfection considered. Long 
bends in the waveguide route are unrelated to the section 
lengths, and the value of / then depends on the route con- 
sidered. The coupling lengths associated with ovality, bow 
and gradual diameter tapers, although related to, are not 
necessarily equal to the section lengths. Typical values of 
the parameter / in relation to a particular waveguide and 
hypothetical route are considered later. 

In considering the Hm-mode attenuation due to wave- 
guide imperfections, it is reasonable to regard all power 
converted to parasitic modes (at a given discontinuity or 
throughout a given coupling length) as lost, no account 
being taken of the relatively small amounts of power 
returned to the Ho:-mode at subsequent imperfections. In 
any case, the parallel-flow power will in general be delayed 
and will not therefore constitute useful f.m. signal power. 


TABLE 1 
Parasitic- Mode Couplings 





MODE | I IMPERFECTION fas [REFERENCE 

Ho, | Gradual 
changes in 

| diameter 
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It is now necessary to relate w (or w’) to the mechanical 
imperfections in a waveguide run, using equations (2), (4) 
and (5). The principal parasitic modes and the imperfec- 
tions which cause coupling to them, together with approxi- 
mate formulae for the wave coupling coefficients, are 
shown in Table 1. References are given in the Table to the 
sources from which the formulae have been derived, and 
an approximate analysis of gradual diameter tapers is given 
in Appendix (3). In the mode notation the suffixes m, n 
refer to H modes except where otherwise indicated; the 
ellipticity is defined as: 

= Dax = Dain 
7 Dmax a Dyin 
where D is the waveguide diameter, and a small radius 
step is denoted by ds. 

Before any further progress can be made in estimating 
the additional H»:-mode loss due to waveguide imperfec- 
tions, it is clearly necessary to specify the waveguide toler- 
ances and Operating frequency. Attention is therefore now 
confined to transmission at 35Gc/s in 2in diameter wave- 
guide, and a very long run having random imperfections 
is assumed. The r.m.s values of the waveguide distortions 
in the formulae in Table 1 are then appropriate. In order to 
arrive at realistic figures for the waveguide distortions, a 
hypothetical waveguide route following a typical modern 
trunk road is postulated, and the waveguide is assumed to 
be composed of short lengths of drawn copper tube*. The 
dimensions of specimen lengths of copper tube have been 
measured, and the tolerances appropriate in jointing such 
tubes have been examined. On this basis the mean power 
coupling coefficients have been calculated using the for- 
mulae in Table 1, and the results are shown in Table 2. 
Data on route curvature have been taken from Ministry 
of Transport 6in to | mile maps of a new trunk road. The 


TABLE 2 
Mean Power Coupling Coefficients 





MODE , IMPERFECTION | R.M.S. TOLERANCE | / (m) | w (per metre) 
Hos lI Gradual 
changes in 
Hes J diameter | 
Ho: || | 8 
>, Diameter 
Hos J | steps 
Hi, Bow in 
sections 


¢=5 x 10rad 


| =0-0005 


0-0006m 1 
0-0008rad 
0-0005 


Tilts 
Offsets 
| Long bends *=0-0002m— 


Bow in | C=0-0006m" 
sections 
Tilts ¢=0-0008rad 
40-0005 | 4 
| 1 000 


Offsets | 55x 10-7 
Long bends 2:7 x 10-" 
| (w’=1-2 x 10-7) 





Ellipticity 


Bow in *=(0- — 
sections 

| Tilts 

| Long bends 


86x 10° 


$=0:0008rad | 4) 
C=0-0002m— | 1000 | 


3-8 x 10* 
1-9x 10-° 








| | (w’ 


6:1 x 10°”) 





Total power loss per unit length taking w’ where w ~ w’) 3-2 x 10° 








* Dielectric lined, as already noted. 
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following assumptions have been made: 

(1) The section lengths vary between 2m and 6m, the 

mean length being 4m; 

2) Waveguide supports are spaced at irregular intervals, 

the mean spacing being 2m; 

(3) The jointing is systematic to minimize steps in 

ellipticity, the effect of such steps being neglected. 

The waveguide parameters required, together with others 
referred to later, are shown in Table 3. The value of {ps 
is taken as 733rad/m and Aen is assumed to be Irad/m. 
The values of w shown in Table 1 have been doubled 
(except for the H.. modes) to allow for orthogonal modes. 
This is probably pessimistic, since bends due to tube bow 
are likely to be less in the horizontal plane and route 
deviations in the vertical plane are usually less than those 
in the horizontal plane. The plane of the major axis of 
the ovality in the tube specimens examined varied in a 
random manner, and the ovality distortion was rarely 
found to be truly elliptical. The value of « shown in Table 
2 corresponds to the resolved component of ellipticity in 
one plane, estimated from sample measurements. In the 
tubes examined, the mean length over which the ovality 
was substantially constant was found to be about Im. The 
main component of gradual diameter change was found 
to be a substantially linear taper throughout the length of 
each tube. 

The total effective power loss per metre is about 32 x 
10~*; hence, from equation (1), the increment in the Hao:- 
mode attenuation coefficient is 0-000016N/m. This is about 
7 per cent of the theoretical attenuation coefficient* of 
0-:00022N/m, and it may therefore be concluded that the 
Hoi-wave attenuation is unlikely to be greatly affected by 
the imperfections in a well-laid waveguide. The practical 
attenuation is consequently determined largely by the 
minimum tolerable increase resulting from the use of a 
special waveguide structure. 


Parallel-Flow and Echo-Signals 

Echo-signals in f.m. transmission systems produce dis- 
tortion of the modulation, and with multi-channel tele- 
phony signals this results in intermodulation noise. The 
level of intermodulation noise is a function of the magni- 
tude and delay of an echo signal, and it is possible to 
compute the distortion arising from a single echo”. In 
the case of circular waveguide transmission, however, the 
far-end signal will contain a large number of echoes of 
different magnitudes and delays, due to parallel-flow and 
reflections. The problem at hand is to calculate approxi- 
mately the noise power ratio resulting after transmission 
through a long waveguide of a f.m. signal in which the 
multi-channel signal is simulated by random noise. Only 
an approximate solution is required initially, based on the 
estimated statistical departures from uniformity of the 
waveguide. The nature of the problem is such that a simple 
estimate, even to within a few orders of magnitude, cannot 
readily be made. 

Echoes due to parallel-flow, arising from mode conver- 
sion and reconversion, are first examined. The n.p.r. with 
given modulation characteristics is dependent on the wave- 
guide discontinuities and imperfections, and on _ the 
differential propagation constants of the relevant parasitic 
modes relative to the Hm:-mode. The differential propaga- 
tion constants are determined by the particular waveguide 
structure used, and it is one of the objects of the analysis 
to indicate what are satisfactory waveguide characteristics. 
An approximate solution to the parallel-flow problem is 





* In plain copper waveguide, with conductivity of 5°8 x 10" mho-m. 
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obtained, but a more rigorous treatment, requiring evalua- 
tion by a digital computer, is described in Appendix (4). 

Echo-signals due to Ho:-wave reflections, which are of 
less importance, are then treated. An approximate 
solution, based on that obtained for the parallel-flow prob- 
lem, is adequate in this case. 

In considering both parallel-flow and reflections, a long 
waveguide with a random distribution of irregularities is 
again assumed. It is further assumed that the total parallel- 

ae L 


Hy, mode £ 





We 


~ 


Parasitic mode aa 





a De 


ad 2 


Fig. 1. Parallel flow generation 

flow (including echo-signals) is very small—a necessary pre- 
requisite to obtaining an adequate n.p.r. This assumption 
enables the multiple echoes constituting the parallel-flow 
signal to be treated as though echoes of different delay 
gave rise to mean intermodulation noise powers that can 
be added. This result may be derived for short delay echoes 
from the work of Bennett, Curtis and Rice” and has been 
confirmed by experiment. It has also been found experi- 
mentally that this result is valid for relative echo powers 
not exceeding about — 20dB when the delay parameters, @, 
is as large as 3x, When @ is very large, it may be shown™ 
that the assumption is still valid, provided the echo power 
is small. 


PARALLEL-FLOW 
The Ho; mode is regarded as a transmission line having 
random coupling, in the manner assumed, to a second line 
representing a given parasitic mode. Any two sections, /, 
spaced a distance z apart, are shown in Fig. 1. Power is 
assumed to couple into the parasitic mode at A with a 
normalized value w, per unit length, and back into the 
Ho: mode at B with a normalized value w, per unit length. 
An echo of delay 7, is thereby produced, and. 
7; 2 
where a is the group-delay per unit length of the parasitic 
mode considered relative to the Hy: mode. There are many 
other pairs of sections in the waveguide giving rise to an 
echo of delay 7,, the total normalized echo power with this 
delay being: 
N “ 
Pexp(—2Asz) Y WaWr 
a=! 
relative attenuation coefficient of the parasitic 
mode considered, 
total number of sections in the waveguide, 
number of sections in the length z, 


q 


Since: 
L-z 
r 
where L is the total length, and wa, wr are random, the 
echo power becomes: 
Na w(L 2A2z) 6z 
Here w is the mean normalized power coupling per unit 
length and 6z has been written for /. The quantity ns is the 
normalized parallel-flow power with a delay 7, at the end 
of the long waveguide. It may be noted that the attenua- 
tion coefficient of the Ho: mode has been taken as zero 
in deriving equation (7), in which only the differential 
attenuation occurs. The echo power 7, is consequently the 
power as a fraction of the Ho:-mode power at the end of 
the waveguide. 

The normalized intermodulation noise power, Wp (i.e. 
the reciprocal of the n.p.r.) due to an echo in a f.m, system 
with a given noise loading is a function of the echo power 
and delay. Thus, for a single echo: 

Wp: = F(m:, T:) 
The function F can be expressed analytically only for some 
ranges of delay and only when the modulation index of the 
f.m. signal is either very small or large. Integral equations 
defining the maximum and minimum values of F have 
been evaluated by Medhurst"* for a useful range of modu- 
lation indices. Mean noise power curves derived from the 
two sets given by Medhurst may be adequately matched 
by dividing the delay into three ranges. When the modu- 
lating signal is Gaussian noise with a uniform spectrum 
extending from zero to f,, the function F then becomes, 
for the noise at the highest baseband frequency*. 
F, bk mn 


7 2 ote 
F, = bm'n& exp --ké 


N 7 ub = 


z) exp( 


hn, 


! 


The empirical constants b, k, h and the limits 6), #2 are 
given in Table 4 for four values of m. 


Equations (6) and (7) define », in terms of 7, and hence 
of 4. Noting the initial assumption on the treatment of 
multiple echoes, the intermodulation noise produced by all 
the parallel-flow power associated with one parasitic mode 
may therefore be calculated by integration of equation (8) 
in the variable 6. Equations (6), (7) and (9) are required, 
and the following substitutions are convenient: 

u = (1/2zf,a) 

g = 2Acu 

g = 2Aw +k 
W» is then the sum of the following: 


Lm?w'u | 6 (L 


(hence z ué) 


Wy uO) exp( — g4) dé 


* If pre-emphasis is applied to the baseband signal, the worst n.p.r. is no longer 
necessarily at the highest frequency, but it will not be worse than is derived here. 


TABLE 3 
Mode Parameters in 2in Diameter Waveguide at 35Gc’s 








MODE H,, 


PARAMETER 


Xmn . 3-05 
B(rad/m) ; 730 723 

\ B(rad/m) ; 13 6 
a (N/m) 0-0022 0-0040 
Ag(m) 000861 0-00869 
Ac{m) 0-0882 0-0523 


Ho, Hos 


7-02 10-17 
679 614 
38 103 
0-00078 0:0018 
0-00925 0-01022 
0-0227 0-0157 
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6, 
Wo: = bm*w'u { 6*(L — uf) exp( — 28) dé 


i 


(10b) 


Liu 
hw*u | (L 
fe 


2 


In long waveguide systems the second term in the paren- 
theses in the integrals of equations (10) may be neglected; 
the solutions are then: 

Wp lnvw?Lu [A(0) 
Wp. — bm’w*Lu [A(4) exp 


gf) dé (10c) 


Ws uf) expt 


(11a) 
96.) 
(11b) 
. (lc) 


ore 
AAG2) expt 


A\(6;) exp 
gh) 
Ws 


(hw°*L /2Az) exp(— gfe) 
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Fig. 2. Normalized intermodulation noise power per unit length for unit w, over the range 
Dashed lines show 


(a) for m 0-1, (b) for m 0-4, 


where : 
A\(6) = (6'/2) + (44/2") + (126/2°) + 
(246/ g*) + (24/2°) 
and A.(@) is the same with g’ in place of g. The inter- 
modulation noise Wp; is due to short-delay echoes, Wp; to 
those of long delay. The expressions can have a very wide 


TABLE 4 
Empirical Curve-Matching Constants 





0, 6, 
(rad) 
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range of values with practical values of g, g’ and @. When 
the product g@ (or g’@) is very small, evaluation is facili- 
tated by the following series approximation: 


& 


Ss ( 


A(f)e (24/ 2°) ly ger 


| 4 24 
(+1)! (+2! (4 » + 5)! 


The parameter uw is inversely proportional to a, which is 
the differential group-delay per unit length between the 
wanted and parasitic modes. In highly overmoded wave- 
guide: 


i on me a ek i. i oe 


W, (dB reference unity) 











NM 
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(dB reference unity) 


W, 








da (N/m) 


(d) 
So=0-0001 Neper/m to 0-1 Neper/m, and for 3 values of u 


form 


1-0 


asymptotic 


(c) for m (d) for m 10 


where 4 velocity of light, 


phase-change coefficient of the Ho: mode. 


Hence: 


Equations (11) have been evaluated for unit power trans- 
fer coefficient (w = 1) and unit waveguide length (L = 1); 
the results are shown in Fig. 2, in which the normalized 
intermodulation noise power, Wa, is plotted against Aa for 
four values of u and four values of m. Over this range, the 
intermodulation noise is less the larger Aa and u: how- 
ever, u can be increased in a system only by decreasing 
AB and this in some cases (see equation (4)) increases w. 
In seeking to reduce intermodulation noise, it is therefore 
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desirable to design the waveguide so as to increase Ax 
only. 

In Fig. 3, the relationship between Wa, and the r.m.s. 
modulation index, m, is shown for four values of Aa and 
u. It may be seen that when Aa is very small Wag at first 
increases, but subsequently falls, with increasing m. This 
implies that the intermodulation noise derives mainly from 
long-delay parallel-flow power”, and it is then clearly 
advantageous to operate with a large modulation index. On 
the other hand, when Az is not very small, intermodulation 
due to short-delay parallel-flow power predominates, and W, 
always increases with m. The complexity of the design 
problem is illustrated by the curves in Figs 2 and 3. The 
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(a) for u = 30, (b) for u 


optimum modulation index, for example, is different for 
each parasitic mode considered, and the overall optimum 
is dependent on the choice of waveguide structure, which 
determines the values of u and Aa for each mode. 
When g (or g’) is very large, the asymptotic form of the 
curves in Figs. 2 and 3 is given by the following: 
3m? 
OE = 
32Aa‘us 
EcHo-SIGNALS 
Echo-signals arise from reflections at the waveguide 
terminals and at discontinuities at the joints. Over long dis- 
tances the echo-signals are highly attenuated relative to the 
wanted signal, so the terminal reflections may be neglected 
if moderately good matching is assumed. Provided the 
reflections at the joints are assumed to be random, a similar 
analysis may be used as for the parallel-flow problem. 


Referring to Fig. 4, the total echo power, nz, of delay 
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noise power per unit length for anit w. 
100, (c) for u = 


224 


Tz, due to the first echo in the length z (subsequent echoes 
are negligible in practice) is: 


Kau 
nu = exp (- 4auz) > pa’ps® 
q=l 
where a: = attenuation coefficient of Ho: mode, 
Papr = reflection coefficients at g'® and r™ joints. 
The delay is: 
Ts = az 
where a = 2/v, 
vz = group velocity of the Ho wave. 


Following the previous method, and again utilizing the 
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R.M.S. MODULATION INDEX m 


over the range m = 06-1 to 20, 


300, (d) for u = 1000 


empirical functions F:, F2, F3:, the following approximate 
result is obtained for a very long waveguide: 


Wo = (L/81) m’prms‘u’[A1(0) — A.(A:) exp (— yA)] 
Woe = (L/1) bm’ prms‘u’ [A(6:) exp (— y’A:) 
Ax(G2) exp ( y 62)) 


(13a) 





Fig. 4. Echo generation 


hprms*L 


taal exp (— y62) 


Ws = 


where y = 4aou’ 
y = 4onu'+k 


This result is similar to that obtained for parallel-flow dis- 
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tortion, and may be shown in Figs. 2 and 3 after making 
the following substitutions: 
Aa > 2201 
u>u’ 
and noting that: 
u’ = (1/2zfaa’) 

In 2in diameter copper waveguide in its final modified 
form, at 35Gc/s, x is about 0-:0003N/m and v¢z is 2°93 x 
10°m/sec. The normalized intermodulation noise power, W., 
(unit prms and L//) for this case is lowest when the modula- 
tion index is large, but even with an index less than unity, 
W, is unlikely to exceed about 400 (26dB). If the r.m.s. dia- 
meter step is assumed to be as in Table 2, the r.m.s. 
reflection coefficient, which is approximately 0-02 6s/s, is 
1-1 x 10-°. With this value and: 

L = 280km*, 
i = 4m, 
fo = 12:5Mc/s, 


the n.p.r. in the highest channel of a 2 700-channel system 
would be about 120dB. It may consequently be concluded 
that reflections at joints in a well-laid waveguide are un- 
likely to be a limitation in f.m. transmission. 


* A standard sub-division of the C.C1.T.T. hypothetical reference circuit 


A Machine Tool Control System 


A vertical milling machine made by Droop and Rein of 
West Germany has recently been fitted with a new system of 
numerical control by E.M.lI. Electronics Ltd. 

The machine is a general purpose one having a wide range 
of controlled movements and is particularly suitable for large 
die sinking. It is equipped with electrical servo drives and 
measuring units in the three axis—table, bed and head-stock. 

The EMICON system of numerical control contains an 
angle safety unit which can be incorporated in all the controlled 
contour cutting machines which include the facility for com- 
pensating for a cutter of different size from that for which the 
programme was made. The safety unit derives its control in- 
formation from the built-in computer that controls the machine. 
Since, however, it continually has access to the computer out- 
put before it is actually used to control the machine, it is able 
to predict a fault and stop the machine before the machine 
follows the mistake. 


The Droop and Rein vertical milling machine fitted with the 
EMICON numerical tape control system. The control system is 


housed in the two racks to the left of the machine 


—s - ow SE AE em ey in 


APRIL 1961 


REFERENCES 


. SourHwortn, G. C. Some Fundamental Experiments with Waveguides. 
Proc. Inst. Radio Engrs. 25, 807 (1937). 

. Mucer, S. E. Waveguide as a Communication Medium. Bell Syst. Tech. J. 
33, 1209 (1954). 

. Froyp, C. F., Warre, R. W. Microwave Link Development in the Radio 
Laboratories of the Post Office Engineering Department. Electronic Engng. 
30, 253 (1958). 

JouGuret, M Effet de la Courboure dans un Guide d’Ondes a Section 
Circulaire. Cables & Transm. p. 133 (1947). 

Rowe, H. E, WarTers, W. D. Transmission Deviations in Waveguide due to 
Mode Conversion: Theory and Experiment. Proc. Instn. Elect. Engrs. 106B, 
30 (1959). (Supplement No. 13). 

. Wuire, R. W., Wuyte, J. S. Equipment for Measurement of Inter-channel 
Crosstalk and Noise on Broad-Band Multi-channel Telephone Systems. 
P.O. Elect. Engrs’ J. 48, 127 (1955) 

. Karpowrak, A. E. Microwave Aspects of Waveguides for Long-Distance 
Transmission. (Proc. Instn Elect. Engrs. Monogr. 287R, 1958) 

. Mitter, S. E. Coupled Wave Theory and Waveguide Applications. Bell 
Syst. Tech. J. 33, 661 (1954). 

SotyMar, L. Step Transducer between Over-moded Circular Waveguides. 
Proc. Inst. Elect. Engrs. 106B, 129 (1959). (Supplement No. 13) 

. Moraan, S. Theory of Curved Circular Waveguide Containing an 
Inhomogeneous Dielectric. Bell Syst. Tech. J. 36, 1209 (1957) 

. luacucui, S. Mode Conversion in the Transmission of a TEo: Wave Throw 
a Slight Tilt and a Slight Offset of Waveguide. Onde Elect. 1, 150 (1957). 
(Special Supplement). 

KORNFELD, J. Stabilitate der Ho:-Welle. Arch. elekt. Ubertragung. 9, 29 (1955). 

3. Moraan, S. P. Mode Conversion Losses in the Transmission of Circular 
Electric Waves through Slightly Non-Cylindrical Guides. J. Appl. Phys. 21, 
29 (1950). 
Mepuurst, R. G 
Division-Multiplex Trunk Radio Systems. 
(1959) 

. Bennett, W. R., Curtis, H. E., Rice, S. O. Inter-channel Interference in 
F.M. and P.M. Systems Under Noise Loading Conditions. Bell Syst. Tech. J. 
34, 601 (1955). 

. Hamer, R 
F.M. Radio Systems. Proc. Inst Elect. Engrs 


Echo-Distortion in Frequency—Modulation Frequency- 
Electronic Radio Engr. 36, 253 


Radio-Frequency Interference in Multi-channel Telephony 
108B, 75 (1961). 


(To be continued) 


In the tape system of machine tool control, co-ordinates of 
suitable points on the contour to be cut are considered by the 
programmer in groups of three consecutive points known as 
spans, which do not overlap but have common end points. 

The equipment interpolates a smooth parabola passing 
through each group of three points calculated by the pro- 
grammer. Many contours are smooth throughout and thus 
consecutive parabolic spans are arranged by the programmer 
to blend tangentially into each other. 

If one of the three points forming a particular parabolic 
span does not lie on the smooth contour, the junction between 
adjacent spans becomes a sharp corner whose contained angle 
depends on the degree of offset of the point which is not on 
the contour and which, therefore, is causing the corner. 

In this equipment, there exists a rotary device on the resolver, 
the angle of whose shaft is continually indicating the angle of 
the surface of the contour at the point being cut. It does this 
by sampling the commanded displacement of each axis over 
a very short length of time. Samples are continuously being 
taken of how much the machine has just been 
instructed to move and of its future movements. 

If, therefore, the angle of the surface changes 
suddenly by more than a preset amount due to 
an offset point, the advance information sample 
immediately detects the transient and trips the 
safety circuits. 

Under these conditions the machine stops 
before the error has affected the work-piece thus 
eliminating scrap. The error can then be cor- 
rected and the machine allowed to proceed. 

When the programmer wishes to insert a sharp 
corner, he must also insert a corner code in 
the programme at that point. This is used by the 
equipment to inhibit the safety unit. 

The EMICON system fitted to this machine 
provides several other facilities. It gives con- 
tinuous contour control in any two axes and 
very fine step control with controlled feed speed 
in the third dimension. This speed can be 
independently set for ‘in’ and * out” movements. 
A fully three-dimensional control system can oe 
fitted to the machine if required. 

The system also provides zero shifts in all 
axes, which facilitates accurate positioning of the 
work-piece, considerably reducing the setting-up 
time, The input programme can be corrected for 
the actual size of the cutter in use, even after 
a regrinding operation during the course of 
cutting a work-piece. 
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The Choice and Design of D.C. Convertors 


By J. S. Bellt, A.M.LE.E., A.M.Brit.L.R.E., A.F.R.Ae.S., 


and P. G. Wright*. 


The design of single and two transformer convertors is discussed and their performances compared. 
Design steps are indicated and two practical designs are worked out as examples. 


(Voir page 265 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 272) 


URING the course of general work upon airborne 

navigational aids it became necessary to investigate the 
design of self-excited convertors to provide high voltage 
d.c. supplies from a low voltage source. Output powers 
up to 120W were required and the designs were to 
incorporate transistors and diodes in current production. 
The devices considered were also likely to be used to supply 
“square wave a.c.’ for certain types of motors at similar 
powers. 

The initial designs considered were based upon work 
by Light and Hooker’ and also Uchrin and Taylor’ using 
OC28 transistors and a single large saturating transformer. 
It was found practicable to obtain an output of 55W at 
78 per cent efficiency using the circuit shown in Fig. 3. 
However, as discussed later in this article, the circuit had 
several limitations and a further design using a large non- 
saturating output transformer and a small saturating oscil- 
lator transformer’ was considered. Outputs of up to 140W 
were obtained without difficulty, the efficiency being from 
75 to 88 per cent depending upon load. 

The general design philosophy is studied in some detail 
and includes such items as frequency, choice of transistors, 
choice of cores, transformer windings and biasing. Two 
design examples are worked out in the text, an example of 
each type of convertor discussed being considered. Brief 
details of suitable measuring techniques are also presented. 
It was felt that details of rectifying techniques were beyond 
the scope of this article. 


GENERAL DESIGN DISCUSSION 

The convertor can be designed with one or two trans- 
formers. The single transformer design has the following 
disadvantages : 

(a) As the transformer saturates twice in each cycle the 
core losses may be considerable, particularly if the 
operating frequency is higher than 1kc/s. 

(b) Since the switching operation is brought about by 
the saturation of the core at the end of the conduc- 
tion half-cycle of each transistor, a sudden rise in 
collector current will cccur at this point, regardless 
of the load. 

(c) In order to obtain clean switching of the transistors 
it is desirable to use (more expensive) high quality 
core material in toroidal construction. 

(d) The frequency of operation varies with load and a 
change in frequency of 20 per cent from no load 
to full load is typical. 

For many purposes the disadvantages given above are 
not unacceptable, particularly when the size of the unit :s 
required to be smaller than the more sophisticated two 
transformer system, Furthermore the single transformer 
unit is rather easier to design. 

The two transformer method has an inherently higher 
efficiency as only the oscillator transformer saturates. In 


+ Fairey Aviation of Australia Lid, formerly with Smith's Aircraft 
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addition, as the output transformer does not saturate there 
is no high collector current spike at the end of each con- 
ducting half cycle and much higher powers may be 
supplied. The frequency is almost independent of load, the 
slight drop on load amounting to only a few per cent. 

Either design may adopt the common base, common 
collector or common emitter configurations with either npn 
or pnp germanium power transistors. Results with silicon 
power transistors should be similar. In the latter case i 
would be reasonable to expect slightly lower efficiencies due 
to the higher collector saturation resistance of the silicon 
types at present available. Figs. 1, 2 and 3 illustrate the 
three basic configurations. 


——— 


= 


RE = 


Common base configuration 





Fig. 1. 


Oscillations in these circuits will not normally commence 
when the supply. voltage is connected unless some bias is 
applied to one or both the bases. Once the oscillations 
have started, they will continue without the bias and thus 
arrangements are sometimes made to provide a momen- 
tary bias by the use of a starter button. This system suffers 
from the disadvantage that, in the event of an overload, 
oscillations may cease and a re-application of bias is then 
necessary. Although this arrangement implies a built-in 
safety factor it was considered essential for the application 





SYMBOLS 
cross-sectional area of core (cm’) 
cross-sectional area of core (m’) 
winding area of toroidal core (in’) 
saturation flux density (gauss) 
saturation flux density (Wb/m/*) 
flux (Wb) 
ratio of primary 
winding 
Number of turns on an inductor 
Number of turns on transformer half 
primary 
Number of turns on transformer secondary 
total base resistance of a transistor ({)) 
supply voltage (V) 
primary transformer voltage (V) 
transistor leakage current (mA) 
internal diameter of toroidal core (in) 
large signal current gain of a transistor 


winding to feedback 











APRIL 1961 





under investigation that the circuit should be self-starting 
at all times. Although this could be achieved by means uf 
a simple relay connected across a rectified output connect- 
ing the bias whenever the oscillations ceased, permanent 
bias was adopted in all cases. The final arrangement is 
shown in Fig. 4, while a suggested method for biasing the 
common collector configuration is given in Fig, 5. What- 
ever the form of permanent biasing, it will consume some 
power, and so reduce the efficiency. It should be noted that 
the permanent bias voltage must not exceed the feedback 
voltage or the transistor will never be cut off during either 
half cycle. 

An attraction of the common collector arrangement ts 
that the transistors may be mounted on a common heat 
sink (in most cases) but self-starting on load is rather more 
difficult to attain than in the common emitter arrangement. 





Fig. 2. Common collector configuration 








Fig. 3. Common emitter configuration 


Theory 
SINGLE TRANSFORMER CONVERTOR 

The operation of the single transformer push-pull con- 
vertor is now widely known. It may be simply described 
as follows, 

Consider the circuit illustrated in Fig. 3, with one tran- 
sistor cut off and the other conducting. Almost the full 
supply voltage V; will be applied across the transformer 
half Primary, and the current (i) will rise linearly (di/dt 
V;/L) until the core begins to saturate. The primary induct- 
ance will then fall and the rate of change of current 
(di/dt) will increase rapidly until the current reaches a 
maximum value of i, determined by the drive current jp 
available from the feedback winding, and the large signal 
current gain (8) of the transistor. The rate of change of 
current and hence the flux in the core becomes zero. At 
this point the feedback voltage will be zero, and the tran- 
sistor collector current will cease. As this collector current 
falls to zero, flux is produced in the core in the opposite 
direction and the other transistor is switched on by the 
voltage induced in its feedback winding. The cut off tran- 
sistor is further cut off by the reverse bias applied to its 
base. 

If a voltage V volts is applied across an inductance 
having N turns, the rate of change of flux (Webers/ 
second) is given by: 

dP/dt V/N 
(Where the permeability of the core is assumed constant 
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to saturation.) As, in a convertor, there is a complete 
reversal of flux, then: 


[ (VIN) . 


thus: 


or in c.gs. units: 


ANB A 





+ —_—J 


. Common emitter configuration with starting arrangemeat 


2 


Eee 





mest co 
Fig. 5. Suggested starting arrangement for common collector configuration 


In addition to this triangular magnetizing component of 
primary current, there will be a rectangular component due 
to the resistive load on the transformer secondary and 
the slight loading imposed by the feedback winding. 


Two TRANSFORMER CONVERTOR 

In this case, where a non-saturating output transformer 
is used, the operation is rather different. A basic circuit 
is given in Fig. 6. If one transistor is considered as 
switched on it can be seen that the magnetizing current to 
T: will flow via the feedback resistor R and half the 
primary winding of 72. This current will rise exponentially 
until the core of 7; begins to saturate. The inductance, and 
hence the impedance of 7; primary then falls, and more 
of the supply voltage appears across R and 7» until the 
voltage across 7; becomes too small to drive the transistor 
base winding sufficiently. The collector current will fall, 
causing the flux in 72 core to reverse. This reverses the 
voltage applied to 7; primary and the voltages induced in 
the feedback windings will switch the transistors over. The 
half cycle then repeats itself. 

The expression for the frequency of oscillation will not 
be the same as for the single transformer case. In addition 
to the terms involved in equation (2), the frequency is 
dependent upon the inductance of the output transformer 
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primary, the value of the feedback resistor and the 
drive required by the transistor bases. As would 
be expected, increasing the value of feedback resistor 
decreases the frequency. If the base drive is reduced, (i.e. 
the base impedance increased or feedback turns reduced), 
the frequency will increase. An empirical formula for fre- 
quency is given in the design procedure. 


DETERMINATION OF VALUE OF BIASING RESISTOR 


The method outlined below by Stephenson’ may be used 
to determine the value of R; in Fig. 4. 


Oscillation will not commence until the loop gain of the 
system exceeds unity: 
i.e. (gmR1)/n> 1 
where Ry is effective resistive load across the primary 
n = N,/N: ie. ratio of turns on transformer. 
1/gm = re + (Rv/ 8) 
25 
”*= T.(mA) 
Thus for starting: 
Rt 


~ 


—— a s 
n{re + (Rv/ 8)) 


25B8n 


I. ed 
> DK L = nR»y 


The base current may then be obtained and a value for 
R; selected. 


Design 
DESIGN PROCEDURE FOR A SINGLE TRANSFORMER CONVERTOR 

Knowing the maximum power output required and the 
d.c. supply voltage available an overall efficiency for the 
convertor may be estimated (usually 75 to 85 per cent) from 
the frequency, type of transformer etc. The input power 
now being known, the maximum input current is quickly 
calculated and a transistor may be chosen which will handle 
this collector current. With its base open-circuit this tran- 
sistor should have a collector-emitter breakdown voltage 
of at least twice the supply voltage. 

The choice of frequency should now be decided upon 
and it may be necessary to avoid beat effects with other 
supplies. A typical value could be 700c/s. A core can be 
chosen and the primary winding calculated using equation 
(2). The base-emitter voltage required to drive the transistor 
to the maximum collector current demanded should then 
be ascertained from the transistor data. Allowing for the 
forward voltage drop across the starting diode (or resistor) 
if included, the voltage required from the transformer 
winding, and hence the turns ratio n may be determined. 
About 5 per cent additional turns should be included in 
order to compensate for voltage drops. It should be noted 
that the voltage is of square waveform, hence V;ms = 
Voyeax. It is sometimes found that the winding area is in- 
sufficient and thus obviously a larger size core must he 
chosen and the calculations repeated. 


DESIGN PROCEDURE FOR A TWO TRANSFORMER CONVERTOR 
As before, the input power is calculated and a suitable 
transistor chosen. A small core is selected for the oscillator 
transformer and the approximate number of primary turns 
is calculated by using the empirical relationship. 
Primary turns = a. 


A slight readjustment may be required here later if the 
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frequency desired is to be within close limits. The feedback 
turns may be calculated as in the previous case except that 
the whole of the collector-collector voltage does not appear 
across the primary winding, some of the voltage being 
dropped across the resistor R. It has been found satis- 
factory for the calculations that follow, to assume that 
voltage V, is applied across the full primary. 

The design of the output transformer, being non- 
saturating, follows normal procedure. A value of starting 
resistor may be obtained using equation (4). 

The feedback resistor R, which is normally several 
hundred ohms, should be large enough to eliminate the 
current spike in the transistors, yet small enough to allow 
sufficient drive to the base circuit. 


FREQUENCY OF OPERATION 


The frequency of operation affects the efficiency of the 
convertor in a number of ways. A low frequency will result 


-¥, 
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Fig. 6. Basic circuit of two-transformer convertor 


in low core losses in the transformers, but will entail 
large numbers of turns, and hence large copper losses. A 
high frequency has the opposite effect and allows the trans- 
formers to be kept physically small, Unless the frequency 
is dictated by outside requirements the actual frequency 
chosen will depend mainly on the output power required. 
Generally speaking, the higher the power, the lower the 
frequency for maximum efficiency. 


CHOICE OF TRANSISTOR 

As previously mentioned the transistor is selected for its 
ability to carry the required collector current and for its 
collector-emitter breakdown voltage with the base open- 
circuit. It is frequently necessary to consider the power dis- 
sipated in the transistor for the following reasons. 


(1) The switching times are not infinitely small, and 
during the switching operation, collector-emitter 
current and voltage exist together. 


(2) When the transistor is cut off, it is subjected to twice 
the supply voltage and leakage current /.o will flow. 
Hence the power dissipated will rise with temperature 
due to increase in J¢o. 


(3) When the transistor is bottomed, there is still a small 
voltage developed across it due to the collector 
saturation resistance. This effect is more pronounced 
in silicon transistors. 

(4) Hole storage effects cause currents to flow at the 
beginning of the cut-off half cycle. 

In general, the total transistor power dissipation will 

not normally be serious except at ambient temperatures 
above 40°C where a heat sink may be necessary. 


CHOICE OF TRANSFORMER CORES 
Oscillator Transformer 
High saturation flux density, high permeability up to 
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saturation and low hysteresis loss are desirable properties 
of the core material. One material satisfying these condi- 
tions reasonably well is HCR but, although not normally 
serious, its permeability is affected by both temperature 
and pressure. A nickel iron core is almost essential fur 
power convertors because with the high saturation flux 
densities obtained the transformer may be kept reasonably 
small. For very low powers a mumetal or ferrite core 
could be used, a high operating frequency being chosen. 
The circuits will operate satisfactorily with materials not 
having a sharp saturation point. Examples are Trancor, 
Radiometal, and Alphasil, The efficiency will be reduced 
and the frequency of operation may require adjustment by 
experiment. 


Output Transformer (Two Transformer Convertor) 


Since this is purely an output transformer, and should 
not saturate, the choice of core material is wide. If small 
size is of prime importance, as is often the case in air- 
borne equipment, then high saturation flux density will be 
a most important factor. If maximum efficiency is desired, 
then high permeability and low incremental hysteresis loss 
will be required. 


TRANSFORMER WINDINGS 


The leakage inductance of the transformers should be 
as low as possible in order that the transistors may switch 
cleanly. Strip wound toroidal cores can give excellent 
results, but are not essential (particularly in the two trans- 
former case). It is important, however, that the primary 
winding of the output transformer is bifilar wound to 
reduce the leakage inductance. 


In certain specialized applications, for example the pro- 
visioning of two or more stacked supplies such as are 
common in d.c. amplifier configurations it is often difficult 
to arrange a suitable earth connexion. It is thus possible, 
even with bifilar windings, to obtain a spiky waveform 
with the possibility of catastrophic failure of the transistors. 
Experience has indicated that this may be avoided by 
incorporting in the transformer(s) electrostatic screen(s) 
suitably earthed. 

BIASING 

Although an approximation may be made for the value 
of the biasing resistor, the actual value is best determined 
by trial, the highest value being chosen which will ensure 
reliable starting on full load. If the convertor is working 
into a capacitive load such as a rectifier and smoothing 
capacitor, the initial load presented at the transformer 
primary is greater than the running load, and the starting 
resistor will need to be considerably lower than its calcu- 
lated value. 

SuPPLY IMPEDANCE 

It is important that the impedance of the source should 
be low; this may call for connexion of a large capacitor 
directly across the convertor input. The low impedance 
is essential to obtain the sharp front of the square wave. 
Practical Design Examples 
SINGLE TRANSFORMER CONVERTOR (DESIGN ‘ A’) 
Specification 

The following specification is given: 
300V at 60mA 
24V 
700c/s (approx) 


Output required: 
Supply 
Frequency 
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General Design ; 

A single transformer convertor will fulfil these require- 
ments adequately. The design procedure follows. 

Maximum power out = 300 x 0:06 = 18W 
Assuming an efficiency of 75 per cent 
The maximum input current = 1A. 

A Newmarket V60/30P transistor is suitable. For the 
transformer, a Trancor toroidal core was considered with 
a cross-sectional area of 0-58cm’ and Bsa’ of 1-6Wb/m* 
(16 000 gauss). Substituting in equation (2): 

N, = 92 turns. 

Now for a peak current of 1A, 22 s.w.g. enamelled wire 
is suitable, that is complete primary winding is 92 + 92 
turns of 22 s.w.g. 

Winding area available on the core is given by: 
=(winding machine shuttle dia? 

A” = (xd*/4) - oe 
- 112x/4 0:375°x 
A ( m/ 4) 4 

= 0-84in’. 


This area will accommodate 500 turns of 22 s.w.g., thus 
the 184 turns on the primary are easily accommodated. 
Feedback Winding 

For a V60/30P transistor a base-emitter voltage (Vv«) 
of 750mV will be required to drive the collector current to 
1A. As the voltage drop across the starting diode is approxi- 
mately 900mV, the voltage required from the feedback 
winding is 1-65V. 

*. Ne = N, (165/24) 
= 69 turns. 


The next highest integer, seven in this case, is selected. 
The base current will be approximately 70mA in the worst 
case, thus the feedback winding will be 7 + 7 turns of 36 
S.W.g. 


Secondary Winding 
Approximating for losses: 
Ns = (Vs/V5) . Np « (100/95) 
300 x 92 x 100 
24 x 95 
1 200 turns. 


The maximum current expected is 60mA so the secon- 
dary winding may comprise of 1200 turns, 36 s.w.g. 
enamelled wire, interleaved at each 300 turns with a 
suitable form of insulation. 

Biasing 

In order to calculate the value of biasing resistor it is 
only necessary to substitute in equation (4). 

Where Bmin 15;- Ri 320 

n 13; Ry = 200 
25 x 15 x 13 
(15 x 32) — (13 x 20) 


22mA 


I,> 


I. B 
9x? 


Thus total base current required — —.mA = 3mA 


Hence R = 8k. 


The final circuit is given in Fig. 7. 
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Two TRANSFORMER CONVERTOR (DESIGN ‘ B’) 
Specification 

Supply voltage: 28V 

Frequency: 700c/s 

Output required: 320V at 125 + 75mA 

The frequency should be reasonably stable with wide 
variations in load. 
General Design 

The total output required is 64W and as there is to be a 
wide variation in load this leads to the choice of a two 
transformer device. 

Assuming an efficiency of 80 per cent the input power 
required will be 80W, that is an input current of 2°85A 
is required. A Mullard OC28 transistor was selected as 
being suitable; this has a minimum £ of approximately 30 
at 3A. 

Oscillator Transformer 

As this convertor was required for an airborne installa- 

tion where weight and physical size must be kept to a 











Fig. 7. Arrangement of practical design ‘A’ 


minimum a small toroidal core of Trancor material was 
chosen having a core area of 0-20lcm’ and a saturation 
flux density of 1-35Wb/m* (13 500 gauss). 

Substituting in equation (5): 


Primary turns = 185 turns 


Feedback Winding 
Approximately 600mV base to emitter voltage is required 
by an OC28 to give a collector current of 3A. Taking the 
forward voltage drop across the starting diode to be 900mV 
a voitage of 1:5V is required from the feedback winding. 
Now: 
N:/Ny Vil Vs 
whence N; 10 turns. 
Assuming an average @ of 30 
100mA 
i.e. feedback winding becomes 10 + 10 turns of 36 s.w.g. 
From the above it was estimated that 6S5mA maximum 
flows in the primary, hence a practical primary winding 
would consist of 185 turns of 42 s.w:g 


/, maximum 


Output Transformer 

For the application in question it was thought suitable to 
operate a stack of three Trancor toroidal cores at 400mV 
turn for the complete stack. The same individual dimension 
of core as used for the oscillator transformer in design 
‘A’ was chosen. 

Thus N, = 28/0-4 

70 turns 
With a peak current of 2°85A the primary winding wiil 
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consist of 70 + 70 turns of 20 s.w.g. wire. From published 
data for toroidal windings the above primary will occupy 
45 per cent of the available space. This is acceptable. 
The secondary windings are quickly calculated from: 
Ns/Np = Vs/Vp x (100/95) 

This gives 824 turns for each of the two winding» 
required. The first winding for 125mA would normally be 
wound with 34 s.w.g. and the second one which carries 
75mA with 36 s.w.g. 

Feedback Resistor 
A value of 56022 was chosen and this later proved suit- 
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Fig. 8. Arrangement of practical design example * B’ 
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Fig. 9. Duty cycle of transistor in design *‘ B’ 


able in practice. A fairly wide variation from this chosen 
value would generally be acceptable. 
Bias Resistor 
na= N, N¢: 
Thus n ~ 9 
Now taking 8 = 30, R1 1192 and the input resistance 
of an OC28 transistor at low currents to be about 302), 
from equation (4): 
I, > 110mA 
‘Ip=7mA 
28 
7x 10 
4kQ 
In practice, this value can only be approximate as 6 and 
the input resistance of the transistor can vary widely from 
sample to sample. Furthermore Rx is not truly resistive. 
Generally, providing that there is not an undesirable power 
loss it is good policy to reduce this value of R; in the 
example under consideration a value of 1-8k© was selected. 


(185/2)/10 


Thus R : 
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Final Adjustments and Tests 

The frequency of operation was a little high and ihe 
primary turns in the oscillator transformer were increased 
to 210. The feedback turns were increased in proportion. 

The circuit illustrated in Fig. 8 operated satisfactorily on 
100 per cent overload, in fact an output of 170W was 
obtained. It was interesting to note that self-starting at this 
value of load by suitable choice of biasing resistor was pos- 
sible, although the current drain down the biasing chain 
became rather high. 


Waveforms and Measurements 

The current pulse through the transistors discussed may 
be examined by inserting a small resistance (a fraction of 
an ohm) in each emitter lead and displaying the voltage 
across it on an oscilloscope. Collector voltages in such 
applications may be misleading. 


A good indication of the operation of the transistor may 
be obtained by displaying emitter current against collector- 
emitter voltage. Fig. 9 illustrates the trace obtained from 
the two transformer convertor. The brightest portions of 
the curve (at Z and between X and Y) indicate which parts 
of the cycle took up most of the periodic time. The switch- 


Secondary Surveillance Radar 


An experimental Secondary Surveillance Radar (s.s.r.) will 
be introduced shortly to serve the Southern Air Traffic Control 
Centre. This experimental service will, in due course, become 
part of the normal operational facilities of the Southern Centre 
and similar facilities will be deployed to cover other areas of 
the United Kingdom airspace. 

During the experimental stage, aircraft wishing to use the 
s.s.r. service will need to carry a transponder capable of 2-pulse 
side-lobe suppression on Mode B in accordance with the pro- 
visions of Annex 10 to the ICAO Convention. United King- 
dom ground interrogators will be capable of operating on 
Mode A, as required by ICAO Annex 10, but the abserce 
of side-lobe suppression facilities in aircraft transponders will 
prevent fully effective employment of the s.s.r. system and 
consequently civil aircraft will be required to respond on Mode 
B for the purposes of the trials. 

When the service becomes operational it will be necessary 
for aircraft to carry a transponder in order to operate in 
certain areas of United Kingdom airspace above a minimum 
height which will be specified. Initially this minimum height 
may be of the order of 25 O00ft but subsequently the level will 
be lowered progressively as and when ground and aircraft 
equipment programmes permit. Civil aircraft transponders will 
be required to provide 2-pulse side-lote suppression facilities 
on Mode B in accordance with the provision of ICAO Annex 
10, in addition to the minimum Mode A facility. 

For operations within the United Kingdom, aircraft trans- 
ponders should conform initially to the minimum performance 
characteristics set forth in ‘Minimum Performance Required 
of Civil Transponder’, published in January, 1961. 

The United Kingdom will continue to adhere to the pro- 
visions of ICAO Annex 10. Ground interrogators will there- 
fore be capable of interrogation both on Mode A and on 
Mode B. However, Mode B will be used to provide a clear 
channel for close control of designated civil traffic. 

It has long been the United Kingdom view that side-lobe 
suppression facilities are essential for the safe and efficient 
employment of Secondary Surveillance Radar. Consequently 
the United Kingdom Ministry of Aviation supports the United 
States Federal Aviation Agency proposal for the international 
incorporation of side-lobe suppression facilities on Mode A. 
To this end the Ministry of Aviation has co-operated in the 
preparation of ‘System Characteristics, Application Standards 
and Guidance Material’ published in December, 1960, which 
sets out proposals for the incorporation in Annex 10, of a 
3-pulse side-lobe suppression system developed by the Federal 
Aviation Agency, in addition to the existing ICAO 2-pulse 
side-lobe suppression system. The United Kingdom Ministry 
of Aviation will support the submisson of these proposals to 
ICAO for consideration by Member States. 
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ing transients are represented by the trace between X and 
Z and between Y and Z. 


Conclusion 

Investigations have been, carried out into the practical 
design of high power transistor convertors for airborne 
applications. The output is in the form of square waves, 
suitable if required, for rectification. Design steps have 
been presented and practical designs given, one of which 
will supply up to 140W output at efficiencies of up to 
85 per cent. 
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The Ministry of Aviation will take appropriate steps to 
ensure that ground interrogator facilities in the United King- 
dom will be designed and operated in accordance with the 
provisions of Annex 10 as amended from time to time 





Television Installation at a Car Factory 

Thirteen Marconi closed circuit television camera channels 
and associated equipment form an integral part of a new 
automatic routing system to facilitate the inspection of new 
car bodies at the Standard-Triumph Motor Company's Works 
at Coventry. The installation is claimed by Standard-Triumph 
to be unique and the most advanced in the world in terms of 
efficiency and rigidity of control. 

The cars arrive on conveyor belts from the manufacturing 
areas into a new extension hall for further inspection. Each 
of the various types of vehicle is carried in a special skip 
which incorporates trip devices peculiar to the type it is 
intended to carry. These trips actuate routing mechanisms on 
the conveyor belt system to channel the vehicles to their 
correct destinations in the area auomatically. Here they undergo 
a series of stringent inspections after which the * passes’ are 
automatically delivered to other floors while any rejects are 
diverted along a rectification line for further work to be done 
on them. 

The closed circuit television installation fulfils several func- 
tions in the routing and inspection processes, and for these the 
cameras are installed at strategic points within the area. At a 
central Control Room five Marconi 14in monitors provide 
pictures from five cameras mounted in various parts of the body 
storage area to enable controllers to identify the various types 
of car bodies passing along the conveyor belts and to keep 
the Programming Department constantly informed of the 
current position. Details of the colour and other relevant data 
are carried in code form on a card on each vehicle. 

Any of the remaining eight cameras can be switched to the 
sixth picture monitor and this enables a controller to keep a 
close watch on the passage of vehicles at all stages of pro- 
gress. He can ensure that no mishap occurs; he can check that 
the cars are moving along their programmed routes; he can 
foresee where bottlenecks are likely to occur and take ste 
to avoid them, and generally expedite the progress through the 
inspection area. The use of television thus enables all super- 
vision to be carried out from a central point and removes the 
necessity for a man to te stationed at every point equipped 
with an open telephone line to the Programming Department. 

The Marconi installation consists of 13 camera channels 
type BD871 and eight 14in picture monitors type BD879, 
together with ancillary equipment. 
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COLD-CATHODE TUBE CIRCUITS FOR 
AUTOMATION 


By R. S. Sidorowicz*, A.M.LE.E. 
(Part 2) 


(Voir page 196 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 203) 


COUNTERS 

Cold-cathode tube counters can be divided into 
two groups: bistable circuits or binary counters and 
multi-stable circuits or chain counters. There exist at 
least four types of binary counters and many types of 
chain counters®**?-41-2.15.17,.9.211 Most of these circuits have 
been described in various papers. However, two of the 
binary circuits and one standard chain counter will be 
mentioned, since they are used in a variety of derived 
circuits. Also these counters have proved very successful 
and are essential in the design of various control and 
automation systems. 

A capacitance-anode-coupled binary circuit is shown 
in Fig. 11. Its operation is briefly as follows’"*. When the 
supply voltage is switched on, the trigger potential of Vi 
momentarily rises to above 100V and so the tube is 


struck. If now a pulse is applied to the common input, 


- 680kQ Si0OkO 
a 


z ©18OV 


2 
S100kQ SIMO 
4 


Oinput 
Fig. 11. Anode-capacitance-coupled binary counter circuit 
V2 will be ignited. The anode voltage of V2 drops to about 
70V, so that the anode potential of V: is temporarily 
reduced to below Vam (maintaining voltage) and V; is 
extinguished. Application of another pulse to the input 
results in the re-ignition of V; and extinction of V2. The 
circuit in the form shown in Fig. 11 is not suitable as a 
counter, since it has no convenient pulse output. How- 
ever, it is a constituent element in a variety of circuits: 
univibrators (see Figs. 6, 7, 10), amplifiers (see Figs. 3 and 
4), oscillators and gating circuits. It can also be used as 
a relay-drive circuit, if suitable modifications are intro- 
duced (see Fig. 8). An inverted version of the circuit is 
also known’, in which the current limiting resistors and 
the coupling capacitor are connected in the cathodes, but 
this circuit is not widely used. 

A resistance-anode-coupled bistable circuit is shown in 
Fig. 12. A detailed description and analysis of the circuit 
can be found elsewhere*’"-”, Normally, V: is conducting 
and its cathode potential is about 70V. When a positive 
pulse is applied to the common input, V2 is ignited and 
V: is extinguished; an exponentially rising voltage step is 
therefore obtained at the cathode of V2, while the voltage 
at the cathode of V: decays exponentially to zero. Appli- 
cation of the second pulse restores the circuit to its 
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original state. This binary counter can be used for driving 
a relay, if a pair of XC23’s are used instead of XC18’s 
and the components are suitably adjusted. The relay 
should be connected in series with one of the cathode 
resistors. An inverted version of the circuit’ is very 
useful in that it can be used in logic circuits, oscillators, 
univibrators (see Fig. 4) or as a pulse amplifier (see Fig. 5). 

The circuit of Fig. 12 is inconvenient as a counter due 
to the fact that it does not produce a suitable output 
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12. Anode-resistance-coupled binary counter circuit 
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Fig. 13. Resistance-coupled binary counter with a pulse output 


pulse. It was seen that a slowly rising waveform was 
obtained at the cathode of V:. Though such a signal can 
be used to fire another binary counter, this is usually 
undesirable, since due to the ‘ slowness’ of the signal, the 
instant of ignition of the triggered tube will be rather 
indefinite. This difficulty can be overcome by modifying 
the circuit. The resulting binary counter is shown in 
Fig. 13. The operation of this circuit is essentially similar 
to that of Fig. 12, except that a fast-rising edge having an 
amplitude of about SOV is obtained at the cathode of V3, 
when V; is fired. This pulse output is suitable for pulsing 
another binary circuit. It will be seen later that the 
counter of Fig. 13 can have many other applications. 
Probably the most popular chain counter is the resist- 
ance-anode-coupled circuit?®’*5 shown in Fig. 14. 
Initially, only V: is conducting and the potential of its 
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can be replaced by a 





pair of triodes, type 
XCI18, whose anodes 
(and also cathodes) are 





strapped together. In- 
deed, such an arrange- 
ment may be advantage- 
ous in that the ionic 
coupling existing be- 
tween the two triggers in 
a double tube is avoided 
when two tubes are em- 
employed in the circuit 











of Fig. 15, the first tube 








is normally conducting 





Fig. 14. Ring counter with a terminal 


cathode is about 70V. A portion of this voltage (about 
50V) is applied to the trigger of V2 through the 680kQ2 
resistor. When a pulse of about 50V amplitude is applied 
to the common input, V2 is ignited. This results in the 
momentary lowering of the common anode potential and 
extinction of V;. The next pulse ‘shifts the conduction’ 
to V; and so on. After the application of (N—1) pulses, 
Vx becomes ignited and the terminal tube Vr becomes 
biased. Consequently, the N“ pulse fires Vr which pro- 
duced a pulse and re-ignites Vi. After N pulses the circuit 
is therefore returned to its zero position. The pulse from 
the terminal stage can be used to drive another counting 
chain. 

With the values of the components indicated in Fig. 14, 
the maximum speed of the circuit will depend on the 
number of tubes in the chain. For N=10, the maximum 
pulsing rate will be about 100c/s. This is due to the fact 
that the operating speed of the terminal stage is limited 
to about 10c/s. If this is replaced by a faster amplifier 
(e.g., see the circuit of Fig. 3), the maximum rate will 
be about 500c/s. 

By employing the coupling technique of Fig. 14, it is 
possible to build a bi-directional (or reversible) counter 
chain. The resulting circuit is given in Fig. 15. It is seen 
that the circuit is based on the double-trigger tube, type 
XC24. It may be mentioned however that each such tube 


Front terminal stage 
A 


and the triggers of V2 
and Vr are biased. Ap- 
plication of a ‘forward’ 
pulse results in the 
ignition of V: and 
extinction of V:. Each ‘forward’ pulse ‘shifts the con- 
duction’ by one position to the right. After N ‘forward’ 
pulses an output pulse is produced at the rear terminal 
stage and the counter is reset to zero (V; is re-ignited). 
If the ‘reverse’ line is pulsed, the ‘ position of conduc- 
tion’ is shifted towards the left; when Vx is ignited by 
a ‘reverse’ pulse, an output pulse is produced at the 
front terminal stage. With the values indicated in Fig. 15 
and N=10, the circuit can operate at frequencies up to 
100c/s. However, if faster terminal stages are used the 
counter will work up to 400c/s. 

The bi-directional counter can be used as an adding 
and subtracting device. For this purpose the pulses to be 
added are applied to the ‘forward’ line, and the pulses 
to be subtracted are fed into the ‘reverse’ line. It is 
essential that the two lines are not pulsed simultaneously. 
The minimum spacing between the ‘forward’ and 
‘reverse’ pulses is about 3msec. 

The decade counting circuit shown in Fig. 16 is almost 
identical with the staircase-waveform generator described 
in an earlier article. The circuit consists of a counting 
chain (V: . . Vs) and a control univibrator (Vi, Vu and 
Viz). When the driving pulses are applied to the common 
input, Vi, Vz..V» are ignited successively. After the tenth 
pulse, Ve (being biased from the cathode of V,) becomes 
ignited and its anode voltage drops to about 68V. Con- 
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Fig. 15. Reversible ring counter with two terminal stages 
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sequently, Vy and all the tubes in the counting chain be- 
come extinguished. However, Vi is re-ignited after a few 
milliseconds by the pulse from the cathode of Vw and 
Vw is therefore extinguished. The anode voltage of Vu 
then rises to Vp»=180V and the tubes in the chain are 
prepared for further operation. The circuit of Fig. 15 
can operate at speeds up to at least 100c/s. It is not a 
particularly convenient counter circuit in that, in com- 
parison with the counter of Fig. 14, it requires more 
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of the order of several microseconds. The circuit will 
not normally be used as a counter, but it can be invaluable 
as a scanning device which will successively actuate a 
number of independent circuits. 

Some of the disadvantages of the counter of Fig. 16 
are overcome in the circuit of Fig. 17. The device con- 
sists of two chains of cold-cathode tubes: Vai, Vac. .Vawn 
and Vz, Vree..Ven. Initially only Vm is conducting and 


Vai is biased. A pulse applied to the input actuates Vai 
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Fig. 17. Double-ring counter with N pulse outputs 


tubes and higher current. Further, since the anode resistors 
of the counting chain have to be graded, it is not easy 
to vary the number of tubes in the chain. Also, it is not 
advisable to use more than 10 tubes in the chain, since 
the load on the univibrator will become too high. 

The great advantage of the circuit of Fig. 16 is that it 
provides nine time-spaced pulses from nine sources 
(cathodes). The anode resistors are so chosen that the 
amplitudes of the pulses at the cathodes are almost iden- 
tical and equal to about SOV. The pulses have a rise-time 
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and results in the extinction of Vz:. A sharp edge having 
an amplitude of about 50V is therefore produced at the 
cathode of Va: and the trigger of V2 receives a biasing 
voltage. A delayed pulse is then produced and this ignites 
Vie and results in the extinction of Vai. The next input 
pulse produces an output pulse at the cathode of Vas 
and ‘shifts the conduction’ to Vx3. At the appearance of 
the N“ pulse, Vaw is first fired and a pulse is then pro- 
duced at the output of the terminal stage. This pulse 
re-ignites Vy; and the circuit is returned to its zero posi- 
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18. Single-tube ‘A or B’ logic circuit 
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Fig. 19. Medium-speed ‘A or B or C”’ logic circuit 
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Fig. 20. High-speed ‘A or B’ logic circuit 


tion. It is seen that the counter of Fig. 17, like the circuit 
of Fig. 16, generates N pulses at N sources. It can there- 
fore be used as a scanning device. The circuit employs a 
comparatively large number of tubes and a delay uni- 
vibrator, but has the advantage of great flexibility in 
that the number of output sources can easily be varied 
without changing the components and redesigning the 
circuit. 


Loic CiRcUITS 

The counters in a system are concerned with evaluating 
the quantity of information fed into them from an ex- 
ternal source. The function of dosing the information 
(that is sensing a particular quantity), directing it to suit- 
able sources (gating), producing suitable output signals 
upon receiving the specified input signals and generating 
the resetting signals for the system is performed by the 
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so-called logic circuits. Two principal classes of such 
circuits are known’: AND circuits or gates and OR cir- 
cuits. The function of the AND circuits is to ‘combine’ a 
number of input signals (pulses) into a single output 
signal. It should perhaps be mentioned that the output 
signal is generated only if all the specified input signals 
are present. The purpose of the or circuits is to combine 
N signals (pulses) from not more than N sources in such 
a way as to obtain N pulses from one output source. 
Several types of cold-cathode AND and oR logic circuits 
are known’®, From the point of view of the ‘con- 
sistency’ of cold-cathode circuits these elements may be 
regarded as not entirely satisfactory, since they require 
substantial quantities of metal rectifiers’”'’ and some of 
them have to be operated by special pulses’. 

The circuits indicated below employ no rectifiers and 
are self-resetting, that is they return to the zero position 
after completing _ their 
operating cycle. Another 
feature of the circuits is 
that. the input signals 
should be suitably spaced 
in time; it is not permissi- 
ble that two signals should 
come simultaneously. 

A simple A or B logic 
circuit is shown in Fig. 18. 
It is based on a single 
double-trigger triode. The 
anode resistor R is com- 
paratively large (not less 
than 3-3M{2) so that the 
tube is operating under 
self-quenching conditions 
For each external pulse 
applied to either trigger, a 
pulse having an amplitude of about 100V is produced 
across the cathode resistor. Since the minimum practical 
value of C is 0-OluF, the operating speed of the circuit is 
limited to about 15c/s. The input pulses have to be spaced 
therefore by no less than 70msec. By combining a number 
of double-trigger tubes and one single-trigger tube in paral- 
lel it is possible to extend the circuit so as to accommodate 
any desired number of inputs. It is always possible to 
employ two single-trigger tubes instead of a double-trigger 
tube. The triggers of the circuit can easily be controlled 
by external bias sources. For this purpose the 10MQ 
resistors are removed and the lower terminals of the 
390k{) resistors are applied to the bias points. 

A three-input logic oR circuit capable of operating at 
frequencies up to 100c/s is shown in Fig. 19. The circuit 
consists of a control univibrator (Vi, V2 and V3) and two 
pulsing tubes (V, and V;) whose anodes and cathodes are 
connected to common points. The trigger of V» is per- 
manently ignited by the voltage from the anode of V3, 
so that V2 is normally conducting. The potential at the 
anode of V; is Vp = 180V, so that the anode capacitor of 
the pulsing tubes is charged to Vy. When a pulse is applied 
to either of the three inputs, one of the pulsing tubes is 
fired and a pulse is produced across the common cathode 
resistor (10kQ + 22kQ)). The pulse ignites V;, which 
results in a temporary extinction of V2 However, before 
its anode potential can reach V» = 180V, Vz restrikes 
and extinguishes V;. The anode potential of V; then 
rises to V, and the pulsing capacitor is recharged. The 
amplitude of the output pulse is about 100V. The circuit 
can easily be extended by connecting more pulse tubes 
in parallel. The triggers of the pulsing tubes can be con- 
trolled by external bias sources. 
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Fig. 21 Low-output ‘A and B’ logic circuit 
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Fig. 22. ‘A and B’ logic circuit based on a pulse-binary circuit 


Another type of logic or circuit is shown in Fig. 20. 
This is similar to the circuit of Fig. 5 except that two 
double-trigger tubes are employed in order to provide 
two independent inputs. Initially V. is conducting and, 
an external pulse applied to either of the inputs, ignites 
V; and results in the extinction of V2 An output pulse 
having an amplitude of about 65V is therefore produced 
across the common cathode resistor (39k). The next 
pulse will re-ignite V, and extinguish Vi. The circuit can 
operate at frequencies up to 500c/s, so that the spacing 
between the pulses should not be less than 2msec. The 
circuit can easily be extended to accommodate any desired 
number of inputs. If three inputs are required, a binary 
of the type shown in Fig. 5 is added, the cathodes of all 
the tubes being connected to the common resistance 
(39kQ)). For four inputs it is necessary to combine in 
parallel two circuits of the type shown in Fig. 20; only 
one tube will be conducting at a time and the tube will 
be extinguished by igniting any other tube. The circuit 
of Fig. 20 cannot easily 
be controlled by an ex- 
ternal bias, since its 
triggers require a volt- 


The 0-005,F capacitor in the left-hand trigger of V2 pro- 
duces a strike pulse when the circuit is switched on. Vs 
is thus normally conducting. When a pulse is applied 
to the A input of the circuit, V: becomes conducting and 
V2 is extinguished. A pulse is then applied to the B input 
and Vz is re-ignited, while V; is extinguished. As a result 
of this operation a sharp positive edge having a peak 
amplitude of about 30V is generated at the cathode of 
V:. It should be clear that, for satisfactory operation of 
the circuit, the two input pulses cannot be applied simul- 
taneously. Pulse A should come before pulse B, the 
spacing between them being not less than 3msec. Further, 
the circuit is blocked for B pulses until an A pulse is 
applied. The logic gate of Fig. 21 is not entirely satisfactory 
in that its output is too low to operate the standard cold- 
cathode circuits which require pulses of SOV. 

A more satisfactory circuit is shown in Fig. 22. This 
is based on the binary of Fig. 13. When the supply voltage 
is switched on, V: is ignited by the 0-005uF capacitor. 
A pulse applied to the A input ignites V2 and extinguishes 
V:. By applying a pulse to the B input, the circuit is 
returned to its original state. A sharp positive edge 
having an amplitude of about SOV is therefore generated 
at the cathode of V:. It should be clear that the B input 
is blocked until an A pulse is applied and the two pulses 
cannot be applied simultaneously. The spacing between 
the pulses should not be less than Smsec. The circuit can 
be controlled by external bias voltages. For this purpose, 
the 1-0MQ resistors at the triggers are removed and the 
lower terminals of the 390k© and the 470k resistors are 
connected to suitable bias sources. The operation of the 
circuit with biases is as follows: First, a biasing voltage 
is applied to the trigger of V2; this is followed by an A 
pulse which will ignite V2: and extinguish V:. A bias 
voltage is then applied to V; and this is followed by a B 
pulse. When V2 is re-ignited the biasing voltages are 
removed. The circuit thus becomes in effect a four-input 
AND gate. The time interval between the application of 
a bias and a pulse to the same trigger should not be less 
than 2msec. 

In the circuit of Fig. 22 it is possible to employ two 
cold-cathode triodes, type XC18, instead of the double- 
trigger tube. Such an arrangement will have the advan- 
tage of eliminating the ionic coupling between the triggers. 

If it is necessary to accommodate more than two pulse 
inputs (and biases), a number of circuits of the type shown 
in Fig. 22 are used. A three-input (A AND B AND C) cir- 
cuit is shown in Fig. 23. It is seen that this consists of 
two pulsing binaries with V; and V; being normally on. 
The operating sequence for the circuit is as follows. 


Fig. 23. ‘ A and B and C ’ logic circuit based on two pulse-output binaries 





age of 90V._ This 
cannot usually be ob- 
tained from the stan- 
dard cold-cathode tube 
circuits. 

A modified anode- 
coupled binary of the 
type shown in Fig. 11 
can be used as an A 
AND B logic circuit. The 
resulting device is 
shown in Fig. 21. It con- 

















sists of a cold-cathode 








triode and a double- 
trigger tube, type XC24. 
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Pulses A and C can be applied simultaneously or C should 
come before A. Pulse B comes later and resets the first 
binary (V: and V2). Its output pulse then resets the 
second binary (V; and V,) and an output pulse is there- 
fore produced at the cathode of V;. Again the circuit of 
Fig. 23 can be controlled by external bias voltages. An 
AND circuit for four pulse inputs can easily be devised by 
adding another binary to the circuit of Fig. 23. More 
inputs will be accommodated by adding further binaries. 


SHIFT MATRIX (REGISTER) ELEMENT 

The function of controlling the sequence of operations 
in an automation system can be performed by a shift 
matrix or register. In effect, an element of this type per- 
forms the programming of the system. Several different 
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with a push-button switch which is normally off, the pat- 
tern can be made adjustable. The method of igniting a 
particular tube is illustrated in Fig. 25. The tube is 
struck by momentarily depressing the switch. By adopting 
this method it is possible to eliminate all the double- 
trigger tubes, but the pattern will not automatically be 
established when the supply voltage is switched on It 
should also be borne in mind that in Fig. 24 only five 
tubes should be made conducting at a time. 

The register of Fig. 24 can easily be extended both 
vertically and horizontally. The number of tubes in a 
row can be WN and it is possible to have M rows (in 
general M< N). The anodes of all the corresponding 
tubes from each row should be connected to a common 



























































Fig. 24. Shift matrix (register) 


shift registers are known®”". In general these are fairly 
complicated circuits requiring special drive waveforms. 

A comparatively simple shift register, requiring a rela- 
tively large number of tubes, is shown in Fig. 24. The 
circuit consists of two rows of five tubes. A half of the 
tubes are double triodes, type XC24, and these become 
conducting when the supply voltage is switched on, since 
they receive a pulse to one of their triggers through the 
0-002uF capacitors. A pattern of conducting tubes is 
thus established: V; and V; in the upper row and V:, V» 
and Vw in the lower row. Each tube of the upper row is 
anode-coupled with the corresponding tube of the lower 
row. On the other hand, the tubes in each row provide 
bias voltages for each other; thus in the upper row, V; 
biases V; and V; provides the bias for V2. The pulsed 
triggers of all the tubes are connected to a common pulse 
source. When a pulse is applied to the common input, 
the tubes which are biased become conducting. Thus in 
the upper row V2 and Vs; are ignited; in the lower row 
Vs and Vs are made conducting. As a result of this, V:, 
V:, Vs and Vie are extinguished. It is seen therefore that 
the pattern of conducting tubes in each row has been 
shifted forward one step. Each additional pulse results 
in a further one-step shift until after five pulses the circuit 
returns to its initial position. 

The circuit of Fig. 24 shows a fixed pattern. It should 
be realized, however, that by providing each pulsed trigger 
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Fig. 25. Method of ignitiag 
a tube in a shift matrix 
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resistance (33kQ2). A desired pattern will be established 
by igniting N tubes in suitable positions. In general each 
row will comprise at least one conducting tube, but it is 
possible to have some rows without any conducting tubes. 
The extension of the circuit of Fig. 24 results in a true 
shift matrix. The output signals of this device are in 
the form of bias voltages and can be taken from the tap- 
ping point (between 22kQ and 47k{2) of the cathode 
resistance of any tube. 


(To be continued) 
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A Linear to Logarithmic Convertor Unit for use with a 
Linear Counting Ratemeter 
By J. Turnbull* and D. N. Walder*, M.D., F.R.C.S. 


A description is given of a convertor unit which, fed from a scale of two stage capable of generating 

negative going square waves (30V amplitude), will give an approximately logarithmic output over 

two decades. By switching it is possible to select full scale deflexion of the output meter over a count- 

ing range of either 10 to 1000 or 100 to 1000 pulses per second. Recorder outputs are available 
for 5mA or 100mV. 


(Voir page 265 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 272) 


[' has been established that, with certain provisos, the rate 
at which an injected depot of isotonic radioactive sodium 
chloride is cleared from skeletal muscle is linearly related 
to the blood flow through the muscle’. Observation of 
the rate of clearance of injected radioactive sodium there- 
fore provides a convenient method of measuring muscle 
blood flow in animals and man. A clinical test to deter- 
mine the vascular sufficiency of muscle in patients suffer- 
ing from peripheral vascular disease has been developed’. 
At any given flow, the 





clearance of the radio- 
active sodium occurs 
exponentially so _ that 





direct recording of the 
changes in radioactivity 








of the depot with time, 
as obtained by the use 
of a linear ratemeter 























and recorder, do not 


a scale of two stage each half of the valve conducts in 
turn. The amplitude of current flow is controlled by the 
total cathode resistance of R; and RV;. The output taken 
from the anode loads is a square wave, the amplitude of 
which depends on the settings of RVi, RV2, RVs and RVs. 
These output voltages are applied to the diode pump feed 
capacitors which charge up through the diodes a and their 
leak resistors, and discharge through diodes 5, Time-con- 
stants of the tank circuits are provided, these being 











LIMITER 



































previde an easily inter- 
preted record of blood 








flow changes. It is 
more convenient if 














OF FERENCE 














the logarithm of the 
radioactivity can be 
recorded. A_ logarith- 
mic ratemeter is avail- 
able commercially, but it is not suitable for the present 
investigations because it is a general purpose instrument 
and covers four decades either from 1 to 10000 or 10 to 
100 000p/sec. In this present work it is essential that the 
total activity of the radioactive sodium depot injected into 
the muscle is kept as small as possible to avoid unneces- 
sary radiation hazard to the subject and also that the 
volume of the injection should be kept small in order tc 
avoid spread to adjacent tissues. Under present working 
conditions using a Geiger Miiller tube type GM4, the 
maximum number of pulses per second available at the 
start of the recordings is approximately 1000. A linear 
type ratemeter was already in use for this work so that it 
was decided to construct a linear to logarithmic convertor 
unit to be used in conjunction with this equipment. Fig. 1! 
shows schematically the arrangement of the apparatus. 


Principle 

The basis of the linear to logarithmic convertor unit 
consists of a series of diode pumps as described by Cooke- 
Yarborough and Pulsford’. 


Circuit Description (Fig. 2) 
By alternately switching the grids of the limiter valve 
V: with negative going square waves such as generated by 
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. The ratemeter and convertor unit 


selected by switch S:. The sum of the currents flowing 
through Rs, R:, Rs and Ry develop a voltage across Rw 
and Riu which is approximately proportional to the 
logarithm of the input pulses to V;. Range changing is 
carried out in the grids and cathodes of the difference 
amplifier formed by Vs and V:, the appropriate decades 
being selected by switch S;. As the output meter in the 
cathodes of the difference amplifier should register zero 
deflexion for a finite number of pulses, a reverse current 
will flow through the meter if the input pulse rate falls 
below 10p/sec on range one and 100p/sec on range two. 
To prevent this switch S; is so arranged that in the standby 
position it operates a relay in the ratemeter, Fig 1, which 
feeds a source of 100p/sec from the unsmcothed side of 
the high tension filter through the ratemeter to the con- 
vertor unit. The resultant output gives half-scale deflexion 
on range one and zero deflexion on range two. In addi- 
tion to preventing the reverse flow of current, the source 
of 100p/sec also provides decade check points. Alterna- 
tively switch S; can be so arranged that in the standby 
position it feeds into the grid of valve V; either 8V positive 
on range one or 16V positive on range two. 


Setting Up the Difference Amplifier 

RV; is adjusted to the same value of resistance as the 
SmA recorder movement used with the instrument. With 
the decade range switch S; in the 10 to 1 000 position, the 
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output recorder switch S, in the 100mV position and the 
junction of Rs, R:, Re and Ry disconnected from Rw known 
positive voltages are applied across Rw and earth. With 
8V applied RV» is adjusted so that the output meter reads 
zero, with 24V applied RV; is adjusted for full-scale 
deflexion. With the range decade switch S; in the 100 to 
1000 position, 16V is applied and RV» adjusted to give 
zero reading of the output meter and with 24V applied 
RV; is adjusted for full-scale deflexion, These sequences 
have to be repeated several times until the scale readings 
are correct for the applied voltages. 








Setting Up the Diode Pump Circuits 

In plotting the response of these circuits, a 0 to 120uA 
mirror scale meter is connected to the convertor output 
socket, connexion being made to the pins which go to 
V. cathode and RV;. With switch S, in the 100mV position 
and a full-scale defiexion on the output meter, the value 
of RV; is reduced until a reading of 100uA is obtained. 
This outlet from the socket which is not used under 
operating conditions is retained for periodic calibration 
checks. With switch S; set for the 10 to 1 000p/sec range, 
square wave pulses are fed into the ratemeter and the 
following adjustments made: RV, is adjusted to give zero 
reading for 10p/sec; RVs is adjusted to give a reading 
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Fig. 3. Response curves of convertor unit for an input of 10 to 1 000p/s 
and 100 to 1 000p/s 





Fig. 


of 50uA for 100p/sec and RV2 is adjusted to give a read- 
ing of 100uA for 1000p/sec. This sequence is repeated 
until the appropriate readings correspond to the pulse rate 
input. A series of response curves is then plotted; adjust- 
ments being made to RV2, RV; and RV, after each plot 
until the response shown in Fig. 3 is obtained. The voltages 
shown in Fig. 2 at the diode pump capacitor feeds are 
measured on an oscilloscope at an input of 1 000p/sec 
after completion of the instrument. 





Power Supplies 

The filament supply for the valves in the convertor unit 
is obtained from a separate constant voltage transformer 
not shown in Fig. 2, but housed in the convertor unit. The 
stabilized 315V at 30mA and negative 105V at 6 mA are 
obtained from the ratemeter. 





Acknowledgment: 
The ratemeter referred to in this article is an EKCO 
ratemeter type N522. 
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Precise Frequency Control for a Rotary Convertor 


By M. J. Tucker*, B.Sc., F.Inst.P. 


The Royal Research Ship ‘ Discovery II’ has been provided with a S0c/s power supply whose 
frequency is precise to approximately 1 part in 10°, by locking the phase of a small rotary con- 
vertor to that of a 50c/s reference signal derived from a quartz-crystal oscillator. 


(Voir page 265 pour le résumé en francais; Zusammenfassung in deutscher Sprache auf Seite 272) 


ANY devices common in shore laboratories use the 

50c/s mains supply as a precise frequency: synchro- 
nous-motor chart drives, timing and programming switches, 
and synchronous clocks, for example. It is also useful for 
such purposes as checking audio-frequency oscillator scales 
and cathode-ray oscillograph time-base calibrations. Oceano- 
graphic research is depending more and more on electronic 
equipment, and it would be a considerable convenience 
to have a precision 50c/s supply available on research 
ships. One possibility used in the past has been to connect 
a power amplifier to the output of a suitable oscillator, 
but the amount of power conveniently obtainable in this 
way is limited, 

The most satisfactory solution would be to control the 
frequency of the main a.c. generator, since this would 
avoid the necessity for separate wiring for the precision 
supply. It is hoped to do this in the new research ship 
being designed for the National Institute of Oceano- 
graphy, but as an interim measure and to gain experience 
with this type of system, it was decided to control the 
frequency of a 250W rotary convertor for use in the 
Royal Research Ship ‘ Discovery II’. 

One of the important uses of such a supply is to allow 
accurate and synchronous timing in several different places 
on the ship during survey work. For this purpose, an 
accuracy of at least 1 part in 10* is desirable, and in fact, 
an accuracy of approximately 1 part in 10° has been 
achieved by locking the phase of the output of the con- 
vertor to that of a reference signal obtained by dividing 
down the frequency of a quartz-crystal oscillator. 


Details of the System 


A block diagram of the system is shown in Fig. 1. A 
phase-comparator gives a d.c. voltage proportional to the 
phase difference between the output of the rotary con- 
vertor and that of the reference signal. This is amplified 
and used to control the rate of rotation of the convertor 
by means of an auxiliary field winding. If the phase of 
the convertor tends to advance, the field is increased; if 
the phase tends to lag, the field is decreased. 


The control and power-supply circuits are shown in 
Fig. 2. The reference signal is a square wave with a peak- 
to-peak amplitude of 12V. This is phase-split and fed to 
a balanced phase-sensitive rectifier. The output of the 
rectifier contains the required d.c. signal, together with 
100c/s ripple which is smoothed in RC circuits. A 
cathode-follower buffer stage feeds a phase-advance circuit, 





* National Institute of Oceanography. 
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followed by a voltage amplifier feeding the control valve. 
The auxiliary field and control valve are fed directly from 
the 110V d.c. ship’s main supply. Negative feedback from 
the control current to the voltage amplifier via a phase-lag 
network has the effect of introducing phase-advance in 
the main path, and increases the output impedance (see 
below) 
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Fig. 1. General arrangement of the equipment 

The control field when fully energized takes 175mA 
with a SOV drop across it, and increases the total field by 
approximately 20 per cent. 


Loop Stability 

Frequency. may be defined as the rate of change of 
phase. Thus, the process of measuring phase and using 
the error to control the frequency of the convertor repre- 
sents an integration in the feedback loop, and introduces 
a x/2 phase lag and a voltage response inversely propor- 
tional to the frequency of the error signal. There are two 
other inherent sources of phase lag: the inductance of the 
field winding and the inertia of the rotor. Unfortunately, 
these are liable to have similar time-constants, and can 
give a combined phase-lag of 7/2 without much attenua- 
tion. There is thus a considerable advantage in reducing 
the time-constant of the field by making the dynamic 
impedance of the control circuit high. 


In the present case it was not possible to measure the 
relevant characteristics of the convertor before designing 
the control circuit, which was therefore based on intelligent 
guesswork. The original circuit required some minor 
modifications to make the system stable. 


Operating Experience 
It was found that the convertor could be switched 
straight into the 110V d.c. supply. The convertor initially 
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Fig. 2. The control and power supply circuits 


runs faster than 50c/s, but as the electronic circuit warms 
up, it slows down and locks automatically. If the power 
supply fails momentarily (for example, when the ship's 
generators are changed) the convertor again locks 
automatically. It was found, however, that if another load 
was switched into the same 110V d.c. circuit and the 
voltage momentarily dropped just below the control range, 
a sustained instability could be produced. This could he 
stopped by switching off the convertor input for approxi- 
mately one second, but to avoid this trouble the con- 
vertor was connected into a supply circuit with better 
regulation. 

The crystal oscillator (an almost-standard crystal chrono- 
meter bought from a commercial firm) gave considerable 
trouble, and on one occasion started giving approximately 
55c/s. The convertor was unable to lock to this, so that 
the field current fluctuated and large low-frequency alter- 
nating currents were generated in the armature, This 
resulted in overheating. 


After the ‘teething troubles’ had been overcome, the 
system worked well, and at the time of writing has been 
in satisfactory operation for some months. 


A Higher-Power Convertor or Motor-Alternator 


It is thought that it would be preferable to control the 
field in the manner shown in Fig. 3. Here, the control is 
performed by a series transistor (or bank of transistors if 
necessary). The currents and voltages are suitable for 
power transistors now available. The shunt resistor R; 
is arranged to drop 20 per cent of the supply voltage when 
the transistor is cut off, thus preventing surge voltages 
destroying the transistor, protecting the convertor in case 
of a failure in the control circuit, and reducing the power 
dissipated by the transistor. 
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Negative feedback from RR: increases the dynamic 
impedance of the control circuit, thus reducing the time- 
constant of the field. This makes it easier to achieve loop- 
stability in the control system. 

This arrangement also has the advantage of using a 
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Fig. 3. Seggested method of control for a higher powered convertor 


—_—_—_———" 


standard field arrangement, so that if the control circuits 
fail, a standard manual control can be switched in to 
maintain a 50c/s supply (though not, of course, with a 
precise frequency). 

With a large machine, starters will be required, and it 
will be necessary to arrange for the phase-control circuit 
to be switched in when the phase-relationship is correct. 
Were this not done, large current surges would be pro- 
duced until the machine locked. 

Similarly, automatic protection devices would be 
required so that in the event of a failure in the clock or 
control circuit, large surge currents would not be drawn 
from the d.c. supply. 
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A New D.C. Level Control for Adaptive Systems 


By R. A. Johnson* and J. D. Hillt 


A novel electronic circuit is described and analysed which maintains the potential drop across a load 

constant to within a fraction of one per cent while permitting the d.c. level of the load to be varied 

through a wide range. The circuit requires only standard tolerance electronic components and affects 
the high precision by an error compensation technique. 

An example design is presented allowing a 20kQ load to be shifted through 200V while maintaining 
the 200V across it constant to within +0-2 per cent. 


(Voir page 265 pour le résumé en francais; Zusammenfassung in deutscher Sprache auf Seite 272) 


COMMON element used in analogue computers and 

feedback control systems to transform a shaft position 
into a voltage is the (usually) d.c. excited, linear potentio- 
meter, the position of the wiper on which indicates the 
shaft position. The transfer function of such an element is 
a constant gain given usually in volts per radian by the 
ratio of supply voltage to the total radian excursion of 
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Fig. 1. (a) A simple almost constant current circuit 
(b) Its equivalent without the high wattage variable cathode resistor 


the potentiometer. This signal gain then depends directly 
cn the potential difference across the unit. 

it is sometimes necessary or advantageous in certain 
types of adaptive control systems to adjust the d.c. level 
of the potentiometer without disturbing the gain constant, 
that is, without altering the voltage applied across it. This 
note describes the design of such a system. As an example, 
a particular design is carried out in detail which allows the 
level of a 20k{) potentiometer to be adjusted through 200V 
without changing the 200V across it by more than +0-4V 
or +0-2 per cent and without the use of special or premium 
components. Due to the excursion voltages, required 
accuracy and power levels involved (2W in the controlled 
element) this example probably represents one of the most 
Stringent designs in its class and thereby proves the 
generality of its application. 


Preliminary Considerations 

The system to be described in the next section was based 
on a circuit’ shown in Fig. 1(a) in which the value of the 
cathode resistor, Rx, is adjusted to deliver the required 
current, Jn, at the voltage level E:;. A high positive fixed 
bias E.. produces an almost level bias line so that when 
* University &f Manitoba, Canada 


+ Defence Research Board, Canada 
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the load voltage is changed to Ei. the change in current 
to Iz is small. Using a 6SN7 triode and a 400V supply, a 
voltage level change from 0 to 50V could be attained with 
resulting current change less than 2 per cent at a 5mA 
level’. The circuit of Fig. 1(b) accomplishes the same results 
without the use of a relatively high powered variable 
resistor. 


RK) <— ~ 


Bias ling 








re @p (Vv) 
—____—_— £3 ——_—__—»} 
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Fig. 2. Characteristics, load and bias lines of the circuit of Fig. Ia) 


Since, ideally, the bias line should be level, that is one 
of constant current, and since the slope of the line depends 
on the value of the cathode resistor Rx, if this resistor 
could be altered with the level in such a way as to counter- 
act the effect of the bias line even roughly, most of the 
2 per cent change could be compensated and a system 
developed to permit much larger excursions in voltage 
level with greater current regulation as required. 


System Design 

A system found to satisfy the above requirement is 
shown in Fig. 3 in which R;, represents the potentiometer 
of varying level, V; the control valve similar to that in the 
preliminary design and V2 the controllable part of the 
cathode resistor. The level of the chain is entirely con- 
trolled by the two grid potentials E..1 and Ex... The nega- 
tive return for the chain allows the midpoint level of the 
load (Ex) to be varied both positively and negatively. 

The operation of this circuit is given by equations (1) 
to (8) below. 


I= 
Ry» 


+ Rie + 
ee 
Ex: 

Eu « 
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Exe Ew 
Ev: = Eboi 


. TRye ore 
. wiE.y Tr ral 
Eve Evo2 MoE ce + ral 
Eu = Ew" (Ru + Rei + Rx/2) 
where Ry = En/I and Rye = Ew/I are the beam resist- 
ances, ra: and raz the incremental anode resistances, uu, and 
uz the amplification factors and Epo: and Epo. the equivalent 
linear quiescent anode-to-cathode potentials of the valves 
V: and V2 respectively. The grid potentials Eo. and Eo 
may be assumed to result from a single driving voltage 
E,, through gain constants — k; and kz respectively, so that: 
Eon = —kiE, sahetgeha akas ae 
E koEs . . (10) 


Eu 
(midpoint) 


Fig. 3. The constant current chain 


Ail potentials shown are with respect to the 


reference except where therwise indicated 


Equations (9) and (10) can most easily be implemented by 
a phase-splitting network as will be shown in the design 
example. 

Total differentials of the left-hand sides of the above 
equations (assuming a linear system) are given in equations 
(11) to (20) where r= Ryi + Rw + Rec + Rue 

dl (l/r) (dRm + dRw).... 
dR, (1/1) dE Rw /D dl 

dR, (1/1 dEy Ry/D) dl 

dE 1 dE. 

dE w u2 dE. 4 

dE = dE + dEx 

dE.w = —Rxdl + 

AE oer kidE, 

dE x2 = kE; 


dEy —IdRw (Ro + Ri + Ri/2) dl. 


The defining equations for the beam resistances have 


been used to simplify equations (12) and (13). 
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These equations lead to the signal flow graph of Fig. 
4(a) which simplifies easily to that of Fig. 4(b) from which 
the following two pertinent operating equations may be 
found: 


(dI / dE) (D/R) 


and: 


kia 


(dE / dE.) i _ (D/R) [Rw 


in which: 


D Kou kiua/( 
and: 


R Ry + (1 uz) Ree + Rear + rae + rai/(1 + a) 


(24) 


From equations (21) and (23) it is immediately evident 
that the current through and, hence, the voltage across the 
load Ry become invariant with input signal provided D - 
0 or 


(ke! ky) (111 / u2) (25) 


under which condition the incremental gain of the system 
from input dE, to the level of the midpoint of the load, 
dE becomes: 


(dE /dE;s) 


are identical valves with high amplification 
1 then equations (25) and (26) 


If V; and Vz 
factor, Le. u u 
further simplify to: 


(ke/ ky) (1/u) (251) 


and: 
(dEy/dEs) k (26a) 


The incremental gain of the system then becomes simply 
that of the driving unit between the input and the grid of 
V;. This confirms the concept of the upper valve operating 
as a cathode-follower with a very large (ideally infinite) 
cathode resistor. 


Design Example 

A system is to be designed which allows the midpoint 
of a 20kQ potentiometer to be varied between + 100V main- 
taining a constant current of 10mA through it. Available 
supplies are +300V. To simplify the design, valves V; and 
V. are to be identical with Rui = Re. 

Since the potential of the top of the load must vary 
from 0 to +200V, the anode potential Ey»: (and Ey) must 
also change by 200V at a current level of 10mA. A triode 
which permits such a change without leaving the ‘linear ’ 
region on its characteristics is one half of a 5687, the anode 
characteristics for which are shown in Fig. 5. To minimize 
power dissipation and at the same time avoid excessive 
grid currents the most suitable operating range for the 
valve lies between anode potentials of 50 and 250V. The 
latter value when applied to V; occurs when the load is 
at its lowest potential, ic. when its upper end is at the 


TABLE 1 
Grid driving voltages for the extremes and the mean values of Ey 


Ex(V) Ee (V) _ Ecol ) EcAV) EcodV) 


+100 | —1 4-249 13 





eo %-: 7 143 7 257 


100 |) 13 37 as mae a 
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reference level. A SOV drop must then be produced by 
Rx which fixes its value at 5k and since the circuit is 
balanced sets Riz to Sk. also. 


The required grid-to-cathode potentials of the two valves 
vary from —1 to —13V about a mean of —7V. By the 
use of equations (2) and (3) and the definition of Ex the 


: gE, AR») 








‘ Re fa 
i. rit a iH * I+ gs, 





Roi t+ Ao2-B2 Ra -fa2 ~7ai/(1+u;) 
r 





Fig. 4. (a) Initial flow diagram 
(b) Simplified flow diagram 


values Of Ecc: 
from which: 


(dE coi / dE vce) = (—ki/ke) = —(212/12) = —17-67 .. (27) 


This gain ratio can be realized by a standard phase-splitter 
circuit with proper choice of anode and cathode resistors. 
The d.c. levels required are set by means of the regulator 
tube and potentiometer combination shown in Fig. 6 which 
also illustrates the complete design. 


Experimental measurements indicate that the potential 
across the load actually changes by +0-4V or by +02 
per cent, over the 200V range. The driving voltage excur- 
sion was 62V. By calculation of R (equation (24)) using 
average values Of rai, raz, “i and us over the operating range 
and use of equation (21) the average D was found to be 
—0-20 which value yields a negligible second term on the 
right-hand side of equation (22). The average gain of the 
system, calculated as the ratio of the total excursions of 
Emu and E,, yields a value of k; from equation (22) of 
~ 32:3. The theoretical value using average values of » and 
rs Of the driver valve is ~—30. Considering the fact 
that the driver valve signal excursion must be high 
to produce the required level variation, the discrepancy of 
some 8 per cent between the two values is not unreasonable. 


The high signal on the driver valve introduces a non- 
linearity into the system; the overall incremental gain 


and Exe shown in Table 1 are constructed 
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varies from approximately 16 to 100. This effect has been 
reduced to less than 1 per cent non-linearity by using a 
unity feedback loop around the level setting device and its 
associated standard pre-amplifiers. 
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used in the example 
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Fig. 6. Complete design considered in t 


Conclusion 

The circuit described should prove to be a highly useful 
component in systems which are required to adapt two 
or more signals to a common level. The high accuracy 
attainable in the device without the use of precision com- 
ponents contributes much in its favour. 

Due to the details of design included the method should 
be immediately useful for other systems requiring different 
voltages, power levels and signal excursions. It also pro- 
vides an example of d.c. thermionic valve circuit analysis 
which is so often omitted in texts on the subject. 
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BOOK REVIEWS 


Video Tape Recording 

By Jelian Bernstein. 268 pp. = ‘=. Medium 
8vo. Chapman and Halli Ltd. Price 72s. 

R. BERNSTEIN has set  hinuelt the 

task of describing the mechanism 
of video tape recording in a way that 
can be understood by both engineers and 
interested laymen, Within the limitations 
of this approach he has dealt with the 
subject thoroughly. 

The book begins with an elementary 
introduction to the related subjects of 
television principles and recording pro- 
cesses. Study of these chapters will pre- 
pare the less technical reader for the 
rigours of the remainder of the book. 
In Chapter 6 the present methods of 
recording television on magnetic tape 
are introduced. This is followed by a 
survey of the circuits used in current 
video recorders, achieved with the aid 
of comprehensive block diagrams and 
detailed circuit descriptions, Colour cor- 
rection techniques used in the United 
States to allow the widespread recording 
of N.T.S.C. colour television signals are 
then investigated in detail. Some prior 
knowledge of colour television would be 
useful before reading this chapter. The 
book ends with a discussion of opera- 
tional problems and the methods used in 
their solution. 

This is not a book for the person who 
seeks only fundamentals; it is a compre- 
hensive analysis of two methods of 
instrumenting the same principle of 
video tape recording. It praises the 
advantages but does not adequately 
describe the disadvantages—a knowledge 
of which is essential to the understanding 
of present and future developments. 

To the reader who is already familiar 
with either an Ampex or an RCA video 
recorder this book will introduce alter- 
Native techniques used in monochrome 
and colour television recording. To the 
reader who knows little about the sub- 
ject this book will be an excellent intro- 
duction, and could provide him with 
sufficient confidence—and knowledge—to 
impress any appointments board. 


W. SILvie 


Systemtheorie fiir Regellose 
Vorgiinge 

(System Theory for Random Events) 
By H. Schlitt. 344 pp. 166 figs. Medium Svo. 
Springer Verlag, Berlin. 1960. Price DM 49.50. 

HE characteristics of transmission 

systems are examined within the 
scope of the classical system theory by 
means of simple test signals, like stan- 
dard step, standard pulse and sine 
wave, which can readily be described 
analytically. However, the actual input 
quantities cannot in general be described 
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by such simple functions and, particularly 
when designing systems for optimum 
operation, the random character of the 
signals has to be taken into account. 

The principles of the statistical signal 
theory as applied to the description of 
stachostical events are discussed in detail 
in this book, and a fusion with the 
classical system theory leads to the 
posing of questions characteristic to this 
modern field. It is hoped that the book 
will contribute to the closing of the gap 
which existed for years in German 
publications on statistical methods. Its 
broad layout addresses itself particularly 
to engineers, physicists and students in 
their later years of study, who are 
engaged in the analysis and synthesis cf 
transmission and control problems in 
the fields of communications, control 
engineering, information theory and the 
study of communications. 


Radio Aids to Civil Aviation 


Editor, R. F. Hansford. 623 pp. 260 figs. Royal 
Svo. Heywood & Co. 19680. Price 126s. 


HIS book is for both the system 

engineer and the operational specialist 
concerned with the application of radio 
to civil aviation. Groups of experts have 
contributed chapters which survey the 
operational problems and the basic prin- 
ciple of radio systems. The first 130 
pages contain an introduction to the 
problems facing civil aviation, followed 
hv a résumé of radio propagation funda- 
mentals and radar principles; basic aerial! 
theory, the effects of the atmosphere and 
the ionosphere, error distributions and 
the basic radar equations are included. 
The thirty pages devoted to communica- 
tions systems deal with air-ground radio- 
telephony with short descriptions of air- 
borne equipment; future developments 
are briefly covered with some interesting 
comparisons between binary data link, 
teleprinter and speech in terms of band- 
width requirements for a_ high-density 
a.t.c. area. 

A comprehensive discussion of 245 
pages on ‘En Route Aids’ includes a 
full treatment of Decca and Dectra; 
well-established systems such as Radio 
Ranges, Consol, d.f., v.o.r., Gee and 
Loran are adequately described; com- 
petitors for the ‘ultimate’ long range 
aid such as Delrac and Navarho are 
included, as also are radio altimeters, 
airborne radar and Doppler navigation. 
A chapter on ‘ Aids to Air Traffic Con- 
trol’ considers traffic congestion as a 
queueing problem and gives examples of 
surveillance and height-finding radars, 
secondary radar systems and tracking and 
storage devices which can be used for 
the acquisition and display of aircraft 
positional information. In Chapter 6, 
brief descriptions of ils. gc.a. and 
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8mm radar are interspersed with discus- 
sions of the operational problem asso- 
ciated with approach, landing and sur- 
face movement. The seventh chapter, on 
‘Weather Radar’ presents the theory of 
radar detection of precipitation and 
describes storm detection equipment and 
the interpretation of radar responses. The 
system design for a Radar Link is fol- 
lowed through in Chapter 8 and the book 
concludes with a review of present trends. 

There are few misprints or mistakes; 
on page 383, the vertical polar diagram 
at Fig. 6.10 for an equisignal glide path 
is not in accordance with practice or 
with Fig. 6.11 and one is puzzled by the 
statement that the “equisignal glide path 
is not so stable as the null reference as 
regards course angle and width, being, 
therefore, more difficult to monitor”. 
An Appendix gives extracts from 
LC.A.O. Annex 10 but unfortunately 
the illustrations are from an early edition 
and do not always correspond with the 
text. There are useful graphs, abacs and 
bibliographies; the book is well produced 
and altogether it is both instructive and 
enjoyable to read. 

L. J. BRAYBROOK 


Dictionary of Automatic Control 
By R. Bibbero. 282 pp. Crown 8vo. Reinhold 


Publishing Co., N.Y and Chapman and Hall 
Led, London. 1960. le 

HIS is an encyclopaedic dictionary of 

automatic control terms. It provides 
a condensed discussion of each topic, 
including applications and related sub- 
jects. The book covers control theory and 
basic concepts, computers and data pro- 
cessing, industrial machine and process 
control, aircraft and missile control and 
telemetering, and control components 
and design factors. 


Annual Review in Automatic 
Programming, Vol. 1 
Edited by R. Goodman. Fw pp. 9 figs. Royal 
8vo. Pergamon Press d. 1960. Price 63s. 

HE book is the pettve of eighteen 

papers which were read at the Working 
Conference on Automatic Computers 
organized by the Department of Mathe- 
matics at Brighton Technical College. 
It is intended that the book shall be the 
first of an annual series reviewing 
current developments in automatic pro- 
gramming for digital computers. 

The opening address by the Director 
of Studies at the Conference refers to 
the classical work of Turing on comput- 
ability which may be regarded as the 
logical justification for any system of 
automatic programming. Succeeding 
papers can be divided roughly into two 
classes: those dealing with automatic 
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programming in general, and those 
applying to particular systems. 

The general papers deal with such 
various topics as future trends, problems 
of a universal autocode, business applica- 
tions, and machine tool control. A paper 
on the philosophy of programming deals 
in an amusing way with some important 
aspects of automatic coding. 

[he remaining papers deal with par- 
ticular autocode systems and are a little 
detailed for the general reader. Auto- 
codes are described for a wide range 
of machines including PEGASUS, 
MERCURY, and DEUCE, scientific 
applications, and IBM, UNIVAC, busi- 
ness applications. While it is obviously 
essential that descriptions of particular 
autocodes should be included in a 
volume of this nature, it seems likely 
that these papers will be of most use to 
the specialist in a particular machine. 

The book is concluded by four appen- 
dices of which the first consists of 
Turing’s original papers on mathematical 
machines and computable numbers. 
Other than for historical] reasons it is a 
little difficult to see why these have been 
included, since the papers are only of 
interest, indeed comprehensible, to the 
specialist, and the relevant conclusions 
have been given in the opening paper. 
Appendix two is the preliminary report 
of ACM-GAMM Committee on an 
international algebraic language, Appen- 
dix three is a useful bibliography . on 
automatic coding, and Appendix four is 
a list of participants of the Conference. 


P. L. Owen 


Understanding Microwaves 


By V. J. Young. 292 pp. 159 figs. Demy 8vo. 
Chapman and Hall Ltd. 1960. Price 32s. 


HIS book is intended to present 

material which will form a basis for 
understanding microwave radio and 
radar. The book makes no claim to cover 
the field completely as it exists today but 
material has been chosen which it is 
believed will aid those who have not yet 
considered radio waves shorter than 10 
centimetres. 


Cermets 


Edited by: J. R. Tinklepaugh and W. B. Cran- 
dail. 239 pp. 103 figs. Mediam 8vo. Reinhold 
Publishing Corporation. 1969. Price 76s. 


HE material presented in this book 

includes both oxide and carbide-base 
cermets as they apply to high-temperature 
applications. Considerable space is de- 
voted to the physicochemical aspects of 
cermets so that the reader may become 
acquainted with the relationships between 
ceramics and metals which govern the 
selection of materials and the properties 
obtained. 

Twenty-three contributors, cover the 
fundamental aspects, forming and pro- 
cessing, testing and applications of these 
increasingly important high-temperature 
materials. 

The book will be of 
metallurgical, ceramic, 


interest to the 
aircraft, chemical 
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and electronic industries as well as to 
scientific engineers who require accurate 
information on cermets. 


Ultrasonics 

By B. Carlin. 304 pp. 259 figs. Mediam §8vo. 
McGraw Hill Publishing Co. Ltd, 1960. Price 89s. 
ih the preface to the first edition, pub- 

lished in 1949, the author stated that 
the book was intended primarily to cover 
the engineering aspects and applications 
of ultrasonics, This it did very success- 
fully, and the second edition follows the 
same policy, with even more emphasis 
on the practical side. Some of the more 
academic sections have been omitted 
altogether and considerably more in- 
formation is given on applications. 

The book begins with a short intro- 
duction to ultrasonic theory. This is 
followed by a comprehensive treatment 
of the generation of ultrasonic vibra- 
tions, principally by piezo-electric and 
magnetostrictive methods. A new chapter 
on measurement techniques has been 
added, and there is now good coverage 
of power equipment for generation, and 
of non-destructive testing of materials. 
The discussion of applications is pre- 
ceded by a new and worthwhile sum- 
mary of the effects of ultrasonics in 
physical, chemical and medical terms. 

Apart from the reporting of errors or 
obscurities, which in this book are in- 
significant, any criticism must of neces- 
sity only reflect the reviewers personal 
opinions. As an example, it is felt that 
the author has retained too much of the 
first edition treatment of quartz. This is 
at the expense of information on 
the more recently developed ceramic 
materials which have by now almost 
entirely superseded quartz. However, a 
more general criticism is that although 
the book is very easy and pleasant to 
read, and it could well be read through 
by everyone entering the field, it is not 
easy to use as a reference book. There 
is unfortunately no bibliography and the 
many excellent tables can be difficult to 
locate. The headings under which the 
different subjects are discussed can also 
sometimes be misleading. Thus “Signal- 
ling in the Ocean” would not normally 
be looked for under the heading “Non- 
destructive Testing” 

P. BAXTER 


Semiconductor Technology 


Edited by G. K. T. Conn. 74 pp. 75 figs. Crown 
4to. Sutterworths Scientific Publications. 1960. 
Price 10s. 6d. 


HIS book is compiled from a series 

of papers revised and reprinted from 
Research. It consists of a number of 
articles on the preparation of pure 
materials and on controlled alloying. 
Attention is given to transistors and to 
the problems of handling power. The 
parameters which determine optical be- 
haviour are discussed in general terms; 
this is followed by an article on the 
design, manufacture and testing of infra- 
red photocells as an example. 
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The Hall Effect and Related 
Phenomena 
By E. H. Patley. 263 pp. 150 figs. Demy 8vo. 

Butterworth & Co. Ltd. 1960. Price 50s. 

N 1897 E. H. Hall of Harvard dis- 

covered that when a conductor carry- 
ing a current is subjected to the action 
of a magnetic field at right-angles to the 
current, an e.m.f. is produced across the 
conductor in a direction mutually ortho- 
gonal to the current and magnetic field. 
Owing to imperfect ideas concerning the 
structure of conductors, the effect was 
little more than a laboratory curiosity for 
several years after its discovery, but since 
the beginning of the century it has teen 
increasingly applied, firstly by K6nigs- 
berger and then by Baedeker and others 
to the systematic study of semi- 
conductors. This acceleration of interest 
arises from the fact that the Hall effect 
is able to distinguish between ionic and 
electronic conduction, allows the number 
of current carriers per unit volume to be 
determined, and also whether they are 
positively or negatively charged. Today 
the Hall effect has become one of the 
most powerful and elegant tools for 
studying the electronic properties of 
semiconductors. 

Dr. Putley, himself a substantial con- 
tributor to the subject, has performed 
a valuable service in collating the scat- 
tered literature of the subject in a volume 
of the well-known Butterworth semi- 
conductor monograph series. The 
author's preface states that, although the 
book was based on an article published 
in the TRE Journal, he has endeavoured 
to bring the original article up-to-date 
with extensive discussions on magneto- 
resistance, thermoelectric and _ other 
galvanomagnetic effects. It is the opinion 
of this reviewer that he has succeeded 
in his object. The five chapters of the 
book are well planned with copious 
references and diagrams. The initial sec- 
tion gives a balanced review of theories 
of electronic conduction with accounts 
of early and recent work on silicon and 
germanium. Chapter II gives practical 
details of the various measurements 
met with in the evaluation of galvano- 
magnetic effects. When very detailed 
measurements are required, as in studying 
the dependance of Hall coefficient upon 
magnetic induction, the author's auto- 
matic measuring system has much to 
commend it in reducing the time re- 
quired to take observations, and the 
elimination of a considerable amount of 
tedious labour. 

Of especial interest to the reviewer was 
the last section of this chapter dealing 
with practical applications. Since the Hall 
voltage is a product of specimen current 
and applied magnetic field we have the 
basic requirements for a modulator or 
analogue multiplier. This is of importance 
in the telecommunications field where a 
need has long been experienced for a 
distortion'ess pure product modulator 
with absence of harmonic sidebands and 
carriers, and the 100 per cent modula- 
tion inherent in the device implies that 
all the available power is confined solely 
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to sum and difference frequencies. Hence 
double sideband suppressed carrier and 
single sideband generation become 
feasible. 

A_ theoretical 
conductivity and 


treatment of thermal 
thermo-electricity to- 
gether with the generalized equations 
of transport properties and magneto- 
resistance effects is given in Chapter III 
followed by a fairly exhaustive account 
in the succeeding chapter of the 
behaviour of typical semiconductors in 
which recent work on quantum effects 
in large magnetic fields is adequately 
surveyed. The concluding chapter repre- 
sents a summary of the electrical proper- 
ties of group IV B elements, III-V com- 
pound lead _ sulphide, selenide and 
telluride, II-VI compounds and other 
elementary and compound semi- 
conductors. 

A few errors have crept in, mostly of 
a mathematical character and associated 
with Chapter III. For example, equation 
(3.18) on page 172 appears to have lost 
av, and a new symbol V, has been intro- 
duced on page 74 in discussing the con- 
tribution that an electron of energy «€ 
makes to the thermal energy current. A 
slight error which seems to have passed 
proof reading was an erroneous abscissa 
marking in fig. 5.12, page 216. How- 
ever, these faults are slight blemishes on 
an otherwise excellent work and it is 
believed that this book will have a special 
appeal, not only for the many workers 
concerned with semiconductor research 
and development, but will also serve the 
needs of those in other branches of solid 
state physics and be of great interest to 
honours students. 
E. COHEN 


Induction Heating 
By P. G. Simpson. 295 pp. 170 figs. Medium 8vo. 
McGraw Hill Ltd. 1960. Price 89s. 

HIS book at the present time is 

occupying an exclusive position, 
being almost the only text in print cover- 
ing the science, or perhaps art of “Induc- 
tion Heating”. 

The subject matter embraces Theory, 
Heat and Metallurgical Effects, Applica- 
tions, Coil Design, Methods of Power 
Generation and Auxiliary Equipment 
over the frequency range from supply 
mains frequencies, through machine fre- 
quencies to radio frequencies. A two- 
page Appendix has been added on the 
rapidly advancing subject of Zone Refin- 
ing by R. F. Heating. 

The general style of writing tends to 
make the book more suitable for the 
physicist than for the less scientific user, 
or applications engineer; however, this 
impression is somewhat reversed on 
reading the final chapters describing 
supply mains frequency heating and 
machine frequency billet heating, where 
the author is drawing on his extensive 
practical experience in this field, in the 
United States. Worked examples on 
many design problems are given and will 
assist the less technical reader in solving 
his own particular problems. 
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The reviewer would like to suggest 
that for future reprints, the information 
contained in the text should be collected 
and condensed, to provide a quick refer- 
ence appendix for the user of “Induction 
Heating Equipment”, Perhaps also sec- 
tions could be included in the use of 
h.f, energy in the growing fields of 
vacuum metallurgy and processes related 
to atomic energy. 

In conclusion the reviewer would like 
to congratulate Mr. Simpson on the skil- 
ful reduction of many trial and error 
problems to scentific formulae, and pre- 
senting these in a readily digestible 
form. 

W. D. WILKINSON 


The Antenna 

By L. Thourel. 407 pp. 272 figs. Medium 8vo. 

Chapman & Hall Ltd. 1960. Price 70s. 

HIS book is a translation from “Les 

Antennes”, first published in 1956 
and based on a course at the Ecole 
National de TlAviation Civile. It is 
intended as “a manual for use in plan- 
ning an antenna system...a précis of 
information on antenna _ techniques”, 
with only the irreducible minimum of 
mathematics. The author hoped to fill 
the regrettable gap in French works on 
aerials: the publishers of the translation, 
in hoping to fill “the regrettable gap in 
the literature”, make a much wider and 
less easily justified claim. 

Certainly no previous work in English 
has so wide a range. After two introduc- 
tory chapters, the book proceeds from a 
wavelength of 20000 metres in chapter 
three to v.h.f. and u.h.f. in chapter nine. 
Six chapters on microwave aerials follow, 
and one, rather misplaced in the fre- 
quency scale, on frame aerials. There is 
a useful twenty page appendix on trans- 
mission lines, and, finally, rather scrappy 
subject and author indices. Very new 
or highly specialized techniques are 
deliberately excluded. 

There are some very good sections in 
the book, notably that on double curva- 
ture reflectors, as one would expect from 
a French author, and on the tolerances 
allowable in a parabola. But the text is 
uneven, and judged as a replacement for 
the American texts by Kraus and by 
Silver, (it leans heavily on these for its 
references), the book fails on two main 
counts. It lacks balance (there are 
twenty-two pages on rhombic arrays, 
whereas section 13.6, on cosecant squared 
aerials, has three poor diagrams out cf 
five, half a page on the defects of a 
barrel aerial, two mis-prints and a gross 
mis-translation, all in two pages), and it 
lacks sufficient practical data, Such 
examples as are given often lack details 
of size, frequency and bandwidth, so 
that it is impossible to judge to what 
extent an array will fulfill its theoretical 
promise. 

The non-specialist reader, who might 
wish to have all his aerials in one 
volume, will find that the minimum of 
mathematics is by no means negligible, 
and that the frame or boxes, used to 
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Electronic 
Maintainability 


Edited by 
F. L. ANKENBRANDT 


Distributed in association with 
Reinhold Publishing Corporation 
for Engineering Publishers, N.J. 


This book, based on the Third 
Electronic Industries Association 
Conference on Maintainability of 
Electronic Equipment, contains an 
authoritative discussion of the 
developments which have been 
changing maintainability from the 
vaguely practised art of yesterday 
to the rigorous science of today. 
The subject matter ranges from 
the maintenance problems of space 
flight to the determination of 
adequate working space for elec- 
tronic technicians. 


Illustrated 80s. net 
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show practical formulae as distinct from 
involved theory, are few and far between, 
He will be irritated by the poor English 
of the translation, which is sprinkled 
with misprints and Gallicisms (“ondula- 
tions”, “annulation”), and he may be 
mislead by “aperture” as applied to a 
beam. This is usually beamwidth “in the 
the Anglo-Saxon literature” (p. 252). He 
will feel, and rightly, that if this book 
were all as good as its best, and if it 
were translated anew, it might well be 
worth seventy shillings to a wide variety 
of readers. 
M. J. B. SCANLAN 


Techniques of Non-Destructive 
Testing 
Edited by C. A. Hogarth and J. Blitz. 216 pp. 
132 figs. Mediom Svo. Batterworths Publications. 
Price 
of the chapters in this book 
accounts of the 


OST 

are self-contained 
theory and practice of electrical, mag- 
netic, mechanical, and visual testing 
techniques. Other chapters devoted to 
ultrasonic, radiological and thermal 
comparator methods are supported by 
thorough introductions to their scientific 
backgrounds, which help the readers to 
gain full value from the use of these new 
and important methods of non-destruc- 
tive testing. A final chapter outlines the 
manner in which many of the techniques 
are in current use within a government 
establishment. 
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LETTERS. TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Selecting Limit Transistors for 
Tuned Amplifiers 


Dear Sir,—This note describes an 
effective and simple method of selecting 
and defining limit transistors in tuned 
amplifier applications, based upon a 
measurement’ of fy. At present it is very 
difficult to check the tolerance design of 
high frequency transistor amplifiers for 
the following reasons: 

(1) The only satisfactory way of speci- 

fying present-day transistors with 
their superior frequency response is 
to quote the maxtrix parameters (in 
particular Y parameters). Since the 
four Y parameters are complex 
numbers the upper and lower limits 
could not be stated without con- 
sidering the real and imaginary parts 
separately i.e. eight upper and eight 
lower limits. 
On present day transistors the 
reverse transconductance y,, is so 
small that it is hardly measurable, 
at high frequency on a production 
basis. If manufacturers cannot 
specify this parameter and its limits 
with extreme accuracy, it is impos- 
sible for a designer to assess the 
stability of a transistor amplifier. 

(3) Experiment has shown that very 
little can be learnt about the spread 
in high frequency performance by 
inspecting parameters measured at 
d.c. For instance, there is in general 
no correlation between the spread 
in App, and the spread in high fre- 
quency performance. 

(4) Even if the four Y parameters with 
limits are quoted, it is of little prac- 
tical use to analyse the ‘ worse 
case”. Apart from the cumbersome 
mathematics that will arise, the 
results will be without meaning 
unless the statistical correlation be- 
tween the (sixteen) limits of the Y 
parameters is known. 

Having considered the above facts, an 
engineer usually designs his equipment 
around typical transistors and tests the 
stability etc. with limit ones. He is then 
faced with the dilemma of defining and 
selecting these typical and _ limit 
transistors. 

It is in this respect that the method 
of selection to be described, can be of 
assistance. 

It has been otserved that Pa, is a 
characteristic property of some transistor 
types i.e. Pg is almost constant from 
transistor to transistor within the type 
(Pq is defined as the maximum matched 
unilateralized power gain in the common 
emitter configuration). If it is assumed 
that P, is constant for a certain type of 
transistor while the associated Y para- 
meters vary considerably, then there 
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would be a perfect functional relation- 
ship between fy and N, as shown in Fig 
1. The measurement of fy is described in 
ithe literature’ and WN is the ratio of the 
transformer which matches Re y,, to 
the Re y,,. A good approximation for 
P, in terms of Y or H parameters is 
shown in equation (1): 


| Yo | * .N 
4Re y,, Rey 


Pa = 


wae 

Provided that the frequency of opera- 
tion f, is greater than the common 
emitter current gain cut-off frequency 











N 


Fig. 2. Relationship when Pa is subject to 
considerable variation 


fire, then h,, appears as in equation (2). 
It can be shown' that for a given d.c. 
working point N is practically constant 
in the frequency range f, > frre 
Ee Hes ee ene Py 
Combining equations (1) and (2) the 
functional relationship (a rectangular 
hyperbola) between fy and N is given in 
equation (3). 
fr.N =2f, Po = constant ... (3) 
Practical tests on various types of 
transistors whose Pg, is fairly constant, 
indicate that a correlation similar to the 
above does exist. Typical findings are 
shown in Fig. 1 together with the ‘ ideal’ 
correlation curve. Transistors whose Pa, 
is subject to considerable variation, show 
a weaker correlation (more dispersion) 
as in Fig. 2. (These tests were carried 
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out by measuring f; and the Y para- 
meters at a predetermined working point 
and fo FP” fate) 

The design of a narrow or wide band 
amplifier is always initiated around the 
typical (statistical mode) value of N. 
The stability and marginal performance 
can then be tested with limit transistors. 
Using the plot of fy against N, the 
design centre can be chosen and limit 
transistors easily selected, if there is a 
strong correlation as in Fig. 1. Experi- 
ment has shown that lower limit (fr) 
transistors have also the worst stability 
factors, In the case of a weaker correla- 
tion as in Fig. 2, the design centre and 
limits are not clearly defined. A spread 
of this nature is usually more trouble- 
some because P, will vary considerably 
in addition to N. Variations in N alone 
are not as serious as they appear. The 
mismatch loss due to variations in N is 
shown in equation (4), where N, is the 
design centre and N, the upper or lower 
limit of N. 

+ (Ny 


I N,/N./° 
Loss (dB) = 10 Log 
2(N1/N,) 


(4) 


If N; is equal to twice N, the mis- 
match loss is <2dB. A very weak corre- 
lation between fy; and N suggests that 
the transistors under test are a mixture 
of types. This may te due to some 
method of selection used by the manu- 
facturer or a production process which 
could have tighter control. 

In summing up, it may be said that 
by discovering a simple correlation 
between y,,, y,, and y,,, some problems 
outlined at the commencement of this 
note have been avoided and a practical 
testing method evolved. 

By plotting and scrutinizing the corre- 
lation between fy and N a designer can 
select limit and typical transistors and 
also gain insight into the nature of the 
product. 

From the manufacturers’ 
view the method outlined in this note 
suggests that the spread on the fre- 
quency performance of a transistor can 
be controlled by only one variable. The 
inclusion of upper and lower limits of 
fy on data sheets therefore seems desir- 
able. 

Acknowledgments are due to the 
management of Semiconductors Ltd for 
permission to publish this note 


point of 


Yours faithfully, 
J. R. JAMES 
Semiconductors Ltd, Swindon. 
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Stabilized Voltage Supplies Using 
Transistors 
DEAR Sir,—It has come to my notice that 
in Fig. 1, page 758, December 1960, the 
1S111 diode in the top left corner (the 
starting diode) is shown connected the 
wrong way round. Its positive end should 
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go to the 27°6V rail. This is made 
clear in the text, the diode becoming cut 
off as the convertor starts operating, 
raising the voltage at the lower end of 
the diode to over 30V. I would also 
point out that in this original circuit, 
the reference diode chain shown to con- 
sist of four OA7 207’s was, in fact, two 
OAZ 207’s and two OAZ 201’s in series. 
The unit would still operate, however, 
with the four OAZ 207 as shown, though 
the ‘set output’ control would probably 
be hard at the bottom end. 
I apologize for these errors. 
Yours faithfully, 
P. G. WRIGHT, 
Smith’s Aircraft Instruments Ltd, 
Cheltenham, Gloucestershire. 


Transistor Charge-Control Parameters 
Dear SiR,—We were interested to read in 
your issue of October 1960 of Signor 
Ercoli’s method of measuring 7, with- 
out prior determination of #,. 

There is general agreement that 
methods of measuring charge parameters, 
not involving the interpretation of a 
waveform, would be desirable. 

Methods which we have developed of 
measuring T, and 7... may therefore be of 
interest as the result is presented as a 
meter indication and there is no manual 
adjustment 

The basis of the methods is a circuit 
due to R. A. Hilbourne, of G.E.C. Ltd, 
originally used for diode measurements’ 
and adapted by him for 7, measurement 

To the best of our knowledge corre- 
lation with the oscillographic methods 
was only fair and objections have been 
raised’ to the measurement condition, 
the transistor being strapped as a diode 
with collector and emitter common. 

Accordingly our circuits provide for 
defined direct currents and _ collector- 
emitter voltage, conforming as closely 
as possible to those in the corresponding 
oscillographic methods 

Considering the circuit for 7, (Fig. 1), 
in the absence of pulse drive the tran- 
sistor is heavily saturated and all of /, 
is taken to be saturation current as it 
is in the corresponding oscillographic 
circuit (Fig. 2) (due to Sparkes). 
V.. adjusts itself to a low value. 


Fig. 1. (left). Circuit for measurement of 7, 
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Set to 20-5mA 


Fig. 3. (left). Circuit for measurement of 7. 
The pulse duty ratio is low (typically 
4usec at 4kc/s or up to 10usec at Ikc/s). 
The base charge is alternately built up 
to equilibrium (during the off period) and 
transferred (during the negative pulse) 
to the reservoir capacitor and micro- 
ammeter. The microammeter reading /, 
is thus equal to the product of the trans- 
ferred charge and the repetition fre- 
quency. Hence 
I, 
fly 

The 7... circuit is similar (Figs. 3 and 
4). In this case, by incorporating the main 
features of a well-known method of 
measuring #, the base current automatic- 
ally assumes the value corresponding to 
the brink of saturation at /, = 20-‘SmA. 
(This is taken to te a good enough 
approximation to / 20mA.) 

The r.f. choke (0-8 to 1-2mH) is essen- 
tial in this circuit in order to make the 
collector potential zero for a substantial 
period prior to each negative pulse. 

All types of germanium pnp junction 
transistors so far tested have shown 
agreement between these ‘ stored charge’ 
methods and their oscillographic counter- 
parts which is good enough for many 
enginecring purposes without applying a 
scaling factor. In some cases agreement 
is Outstandingly good as the accompany- 
ing scatter diagrams show (Figs. 5 and 6) 

In the 7, case the measures taken to 
make the collector current and potential 
conform to the comparable oscillographic 
case appear to have only a marginal 
effect on results with the majority of 
transistors, little change being observed 
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if a collector and emitter are short- 
circuited as in Hilbourne’s method. 

In the 7, circuit the corresponding 
measures are, of course, fundamental to 
the operation. 

An article describing the above tech- 
nique in more detail will appear in the 
April 1961 issue of the A.T.E. Journal. 

Yours faithfully, 
R. C. WINDSOR, 
Automatic Telephone & Electric Co. Ltd, 
Liverpool. 
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Short News Items 


A Commonwealth Technical Training 
Week Scheme has been proposed by 
H.R.H. the Duke of Edinburgh in his 
capacity as President of the City and 
Guilds of London Institute. The principal 
objects of the scheme are to stimulate 
awareness of the responsibility of the 
community towards young people enter- 
ing employment; to stress the importance 
of schemes of induction and training, 
both for the benefit of individual firms 
and in the interests of the young people 
themselves; to give increased opportunity 
to young people to learn of the oppor- 
tunities available for training and educa- 
tion and generally to emphasize the 
significant place of the young worker in 
society. The Week is intended to cover 
all forms of training for employment. in 
Great Britain a central organization has 
been set up and the week, 29 May to 4 
June, 1961, has been selected for Great 
Britain’s Week, Full particulars can be 
obtained from the Secretary (C. B. 
McAlpine, C.B.E.) Commonwealth Tech- 
nical Training Week, City and Guilds of 
London Institute, 76, Portland Place, 
London W.1. 


The Scientific Instrument Manufac- 
turers’ Association of Great Britain has 
appointed Major F. D. Outridge, R.A. 
(Retd), as assistant to Capt. R, A. Villiers, 
C.B.E., Director of the Association. In 
his capacity as assistant to Capt. Villiers 
he will be particularly responsible for the 
publicity and exhibitions of S.1.M.A. in 
the U.K. and overseas, and will also act 
im a secretarial capacity to the main 
Committees. 


A Symposium on Electronic Aids to 
Banking, organized by the Committees of 
the Electronics and Communications and 
Measurement and Control Sections of the 
Institution of Electrical Engineers with the 
co-operation of the Electronics Sub- 
Committee of the London Clearing Banks 
and under the aegis of the British Confer- 
ence on Automation and Computation, 
will be held at Savoy Place on 17 and 
18 January, 1962. It is designed to interest 
engineers engaged in the development, 
design and manufacture of equipment and 
those who are concerned with its use. 
The symposium will cover the following 
subjects: (1) Users’ problems, (2) Docu- 
ment handling, character reading, auto- 
matic reading and sorting of cheques, (3) 
Accounting aspects and the use of com- 
puters, (4) Communication aspects, e.g. 
links between branches and the central 
unit, and closed circuit television, The 
submission of papers on all aspects of 
the topics set out above is invited. These 
should be as concise as possible without 
loss of essential information, but in any 
case they should not exceed 8 000 words. 
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The Organizing Committee invite all 
authors to forward synopses, of not more 
than 250 words, of their papers to The 
Institution by the 14 April, 1961. Com- 
pleted manuscripts should be submitted 
before the 31 August, 1961. 


The General Post Office has extended 
the existing United Kingdom h.f. long- 
range radio-telephone service from ships 
at sea to telephone calls from aircraft as 
from the beginning of last month. The 
service will be available to any airline or 
privately owned aircraft, subject to satis- 
factory tests, but in the interests of safety 
any airline wishing to take part is 
required to give an undertaking that an 
uninterrupted effective watch on the a.t.c. 
channel will te kept at the same time as 
the telephone calls are made. Some 
European countries and the American 
Telephone and Telegraph Company 
operate a similar service. 


The University of Oxford, Department 
of Education led by its director, Mr. 
A. D. C. Peterson, is to investigate the 
reasons for comparatively fewer students 
electing to read for technological quali- 
fications in this country than in the 
U.S.A. and Russia. This research, which 
will occupy a period of 2 years, has been 
made possible by a grant of £2 500 to 
the University from the Capitol Radio 
Engineering Ins‘itute of Washington, 
D.C., through their International Divi- 
sion, C.R.E.I. (London). 


The Electronic Engineering Association 
at its recent Annual General Meeting has 
elected as chairman Dr, D. N. Truscott 
(General Electric Co. Ltd.), in succession 
to Mr. L. T. Hinton (Standard Tele- 
phones & Cables Ltd.). Mr. W. D. H. 
Gregson (Ferranti Ltd.) was elected vice- 
chairman in succession to Mr. R. R, C. 
Rankin (Mullard Equipment Ltd.). 


The Annual Dinner of The Institution 
of Electrical Engineers was held at Gros- 
venor House, London, on Thursday, 23 
February, when the President, Sir Hamish 
D. MacLaren, K.B.E., was in the Chair. 
The principal guest was the Rt. Hon. 
Richard Wood, M.P. (Minister of Power) 
who proposed the toast of The Institu- 
tion, to which the President replied. 


The Institute of Radio Engineers, Inc. 
of New York has been awarded a grant 
of $10000 by the National Institute of 
Health and a grant of $5000 by the 
National Science Foundation for the 
support of the 4th International Confer- 
ence on Medical Electronics which is to 
be held on 16-21 July, 1961, at the Wal- 
dorf Astoria Hotel, New York, N.Y. 
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The BBC has installed two new 100kW 
short-wave transmitters at its External 
Services transmitting station at Rampi- 
sham, Dorset as part of a long-term plan 
for the modernization and re-equipment 
of BBC short-wave transmitting stations, 
where most of the installations have now 
been in service since 1940. Special atten- 
tion has been given to the problem of 
providing a rapid change of operating fre- 
quency. With the new equipment a 
frequency change can be carried out ina 
few seconds by a simple switching opera- 
tion which has been made possible by the 
provision of two radio-frequency ampli- 
fiers for each transmitter. In addition to 
changing the transmitter frequencies at 
scheduled intervals it is necessary also to 
switch the transmitter to different aerial 
arrays which are designed to radia‘e in 
a particular waveband and on a certain 
bearing, For this purpose BBC engineers 
have developed a new form of electro- 
pneumatic switch which is remotely con- 
trolled from inside the station and 
enables the output of a transmitter to be 
connected to a selected aerial feeder. 


C.A.V, Limited, the world’s largest 
manufacturer of diesel fuel injection 
equipment, has placed an order with Leo 
Computers Limited for data processing 
equipment to be delivered at the end of 
next year. This will include a LEO III 
fully transistorized digital computer 
having a high-capacity quick-access mag- 
netic core store in place of the more 
usual drum store, and multi-channel con- 
current input and output facilities. 
The computer will be installed in the 
C.A.V. main works at Acton and will 
handle payrolls for all personnel there 
and at the Rochester and Sudbury fac- 
tories of the Company. A number of 
commercial applications are also 
planned. In addition, the LEO III com- 
puter will be used for research work 
and to accelerate design calculations. 
Similar work for C.A.V. was first carried 
out by hiring time on the LEO I com- 
puter at Cadby Hall in 1955. 


Ferranti Ltd announce that during the 
past six months orders worth £350000 
have been received for their machine tool 
control systems and inspection machines 
from companies in the United Sta‘es, 
Europe- and the United Kingdom. Over 
50 per cent of the equipment sold 
during this period has been to the 
United States, This is a result of the 
agreement entered into with the Bendix 
Corporation for the sale and service in 
the U.S.A. of the Company’s transistor 
hydraulic continuous-path machine tool 
control equipment, numerical positional 
control equipment and __ inspection 
machines. 
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The Council of the Institution of Elec- 
trical Engineers has elected to Honorary 
Membership The Rt. Hon. The Lord 
Nelson of Stafford, Chairman of the 
English Electric group of Companies 
and Past President of the Institution, in 
recognition of his outstanding contribu- 
tion to the development of electrical 
science and engineering, and for his 
many services to the Institution. The 
Council has also made the Thirty-Ninth 
Award of the Faraday Medal to Julius 
A. Stratton, Sc.D., LL.D. for his not- 
able contributions in the fields of tech- 
nological education and research in 
radio communication. Dr. Stratton, who 
has been associated with the Massa- 
chusetts Institute of Technology since 
1924, has been its President for the last 
three years. 


Westminster Bank Limited is install- 
ing in its Clearing Department a new 
electronic cheque and document sorter 
capable of sorting cheques of mixed or 
uniform size at the rate of 750 a minute. 
The sorter will initially be used to 
carry out experiments in the electronic 
sorting of cheques received from the 
Clearing Department for despatch to the 
Bank’s branches. The loading platform 
holds up to 2000 cheques and more can 
be added while the machine is running, 
and the number of cheques passed to 
each of the 12 sorting bins is recorded. 
The sorter which works on a magnetic 
character recognition system has been 
supplied by the National Cash Register 
Co. Ltd. 


Royston Instruments Limited of 
Byfleet, makers of the Midas Magnetic 
Tape Flight Recording system, have 
granted a manufacturing licence to 
Lockheed Aircraft Services of Cali- 
fornia, under which the American com- 
pany will make and market the equip- 
ment in the Western Hemisphere and 
Australasia. This licence is an exten- 
sion of a previous agreement between 
the two companies, made in April last 
year, when Lockheeds were appointed 
agents for Midas, Plans are afoot in the 
U.S.A. to fit the British-designed flight 
recorder in American aircraft and there 
is also strong U.S. military interest in 
the equipment. The Midas system pro- 
vides a wide variety of data recording 
and handling equipment and is con- 
sidered by the Americans to be at least 
three years ahead of any being de- 
veloped in the field. 


An Exhibition was held last month 
by the Semiconductor Division cf 
Mullard and was devoted to the use of 
semiconducting devices for industrial 
purposes. Some 150 exhibits from about 
100 electronic firms were displayed, all 
using semiconductors; exhibits ranging 
from industrial control systems; com- 
puters; medical electronics; r.f. and a_f. 
communications equipment; test gear; 
measuring instruments, to sub-units such 
as power supplies, amplifiers, convertors, 
and regulators. 
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The Harwell Reactor School will hold 
the next two-week course for senior 
technical executives from 8-19 May. For 
the first week, participants will be at 
the School and for the second, at Durley 
Hall, Bournemouth. The course is 
planned to give senior industrialists with 
a technical background an _ overall 
appreciation of the problems of reactor 
technology. The lectures cover the 
physical, metallurgical and engineering 
problems involved in the design of 
power reactors and the chemical prob- 
lems of fuel and effluent processing. The 
fee for the course is fifty guineas 
(excluding accommodation). Details of 
this and other courses can be obtained 
from: The Manager, Reactor School, 
Atomic Energy Research Establishment, 
Harwell, Didcot, Berkshire. 


The Electrical Research Association has 
announced the composition of its Divi- 
sional Committee No. 3—-Switchgear and 
Transformers for Power Supply—which 
recently held its inaugural meeting. Dr. 
H. G. Taylor, Director of the Electrical 
Research Association, is an ex Officio 
member of the Committee, and the 
secretary is Major E. D. Gardner of 
the Electrical Research Association. 


Maurice Guerdat, rue de 
Nidau 11, Bienne, Switzerland, have 
formed a_ subsidiary company—S.A. 
pour l’Achat et la Vente d' Appareils 
Electroniques for the import and the 
distribution of electronic test and con- 
trol equipments for the watchmaking 
and precision engineering industries. 


Messrs. 


Marconi’s Wireless Telegraph Co. Ltd 
have received an order through SIEDMA, 


their French aeronautical agents, from 
the Centre de’Essais en Vol at Istres 
(France) for the supply and installation 
of a Marconi type $232/2 crystal-con- 
trolled 50kW 50cm radar, This is in the 
nature of a ‘repeat order’, as an $232 
has been in use at another Centre 
d’Essais en Vol airfield at Bretigny for 
some few years past, The characteristics 
of the §232/2 are such that it can be 
used simultaneously for long range sur- 
veillance and for close control of aircraft 
within the airport terminal area under 
all conditions of weather. Because all 
airport radar requirements except that 
of p.a.s. (Precision Approach Radar) are 
met by the one equipment, it provides 
a very attractive saving in capital and 
operating costs as well as an economy of 
skilled man-power. The company has 
also received an order to the value of 
over £1°7M from the Royal Swedish Air 
Board for the supply of electronic equip- 
ment for defence purposes. At the centre 
of the Marconi sys‘em is a very high 
speed computer which solves a large 
number of interception problems simul- 
taneously and enables the defence 
weapons—fighters, guided missiles and 
other defensive devices—to be brought 
into action at precisely the right instant. 
Black and white television and colour 
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projection together with automatic in- 
formation-dissemination techniques also 
play a vital part in the overall system 
Approximately 500000 transistors and 
diodes and 15 000 valves are incorporated 
in the equipment. 


The Conservators of the River Medway 
are modernizing their services on the 
Medway with a Decca Type 32 Harbour 
Radar and three 16in display consoles. 
V.H.F. radio communication equipment 
is being supplied by Pye Telecommuni- 
cations Ltd and the whole system 
will be integrated with the Medway Port 
Operations and Informa‘ion Service. 
Due to the increased tanker traffic and 
the number of dry cargo vessels coming 
into the river, the Medway is the fifth 
busiest port in the United Kingdom, ex- 
cluding British Transport Commission 
ports. As an ifterim measure, the Con- 
servators of the River Medway have re- 
cently established a Port Operations and 
Information Service at Sheerness, with 
Headquarters in the Signal Station, 
Garrison Point Fort. The station is 
equipped with Pye v.h.f., r.t. equipment, 
and is served by a patrol launch fitted 
with a Decca D404 marine radar and 
v.h.f., r.t. 


A second EMIDEC 2400 data process- 
ing system has been ordered from EMI 
Electronics Ltd. for the use of the Royal 
Army Ordnance Corps. It will be in- 
stalled at the R.A.O.C. Depot at Don- 
nington, to control stocks of technical 
stores. The first EMIDEC 2400 computer 
is scheduled for delivery this summer to 
the R.A.O.C. Depot at Chilwell, for 
controlling the Army’s stocks of motor 
transport spares. When both computers 
become fully operational. 85 per cent 
of the range of items of Army Ordnance 
stores will be recorded and controlled by 
EMIDEC systems. Donnington’s com- 
puter will control stock levels of 270 000 
different items of technical stores, rang- 
ing from radar equipment and refrigera- 
tion plant to pistols and guided weapons. 
30 000 transactions take place at Don- 
nington, on average, every week. 


The Ministry of Aviation has placed a 
contract with Elliott Brothers (London) 
Limited, a member of the Elliott-Au‘o- 
mation Group, for experimental air 
traffic contro] equipment to be installed 
at the Air Traffic Con‘rol Experimental 
Unit. This equipment, which incorporates 
an Elliott ‘502°’ Computer as its central 
data processing unit, was the subject of 
a requirement which the Ministry put 
out to tender and the proposals put 
forward by Elliott Brothers (London) 
Limited have been accepted by the 
Ministry as a basis for meeting the 
requirement. The technical authority for 
the contract is to be the Ministry's 
Royal Radar Establishment at Malvern. 
It was recently announced that contracts 
had been placed by the Ministry of 
Aviation with Elliotts for the develop- 
ment of Training Simulators, which will 
also incorporate the ‘502’ computer. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 
accessories and test instruments. 
(Voir page 259 pour la traduction en francais; Deutsche Obersetzung Seite 266) 


DIGITAL VOLTMETER 
(illustrated below) 


Sotartron Laboratory Instruments Lid, Cox Lane, 
Chessington, Surrey 


In the digital voltmeter type LM 902:2 
d.c. voltages from 1002V to 1-500kV are 
presented as a 4 digit display in decimal 
form with polarity discrimination. Dis- 
play is by means of optical projection 
and is free from the ambiguity common 
to some systems of digital presentation. 
Red and black backgrounds signify 
positive and negative inputs respectively. 

The voltage measurements are covered 
in five ranges. The input impedance is 
100M, except on the two lower ranges, 
which have impedances of IM2 and 
100k%2. The long term agcuracy is +0°5 
per cent. 

The read-out time is constant at 
280msec irrespective of the voltage input, 
which may be ‘ floated’ up to 700V with 
respect to earth. 


A ‘check’ position on the range 
switch permits zero setting and a cali- 
bration check. The internal Zener refer- 
ence can be preset to its precise value 
and corrected if necessary against the 
built-in Weston standard cell. 

Under normal (AUTO) operation volt- 
ages are measured continuously, any 
variations causing the instrument to 
display a new reading. For maximum 
versatility of application, the LM. 902-2 
has an adjustable ‘dead zone’, which 
can (within limits) make the instrument 
insensitive to small changes in voltage. 
Thus, it is possible to obtain jitter-free 
readings in the presence of transients. 
50c/s ripple components that may be 
present on the voltage to be measured 
can be attenuated or rejected by switch- 
ing in short or long time-constants on 
the input circuit. 

When switched to SAMPLE mode of 
operation a single voltage reading is 
taken, either by manual operation of a 
panel button or by remote electrical 
command. This reading will remain on 
display until a succeeding sample is 
taken 

Two 50-way sockets at the rear provide 
decimal coded digital information, 
polarity and print command signals suit- 
able for feeding into a Venner TSA 65 
Printer and an additional display unit. 


EE 32751 for further details 
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WIREWOUND POTENTIOMETER 
(Illustrated above) 


Painton & Co. Ltd, Benbridge Drive, 
Kingsthorpe, Northampton 
The latest 


Bourns Trimpot, model 
No. 224, is being produced at the 
Northampton works of Painton & Co. 
Ltd. 

This 1-2Sin 
meter Operates at 
against humidity, 
compounds. 

A self locking 22 turn screwdriver 
adjustment with excellent shock, vibra- 
tion and acceleration stability, and the 
precision wound element ensure a high 
level of reliability, Power dissipation is 
1W at 70°C and 0-SW at 125°C, Resist- 
ance values are available up to 100k. 

Three types of terminal configurations 
are available: insulated leads, solder-lugs 
and printed circuit pins. 

EE 32 752 for further details 


long wirewound potentio- 
175°C and is sealed 
liquids and potting 


MINIATURE TRANSISTOR 
AMPLIFIERS 
(Illustrated below) 


Amplivox Ltd, Beresford Avenue, Wembley, 
Middlesex 


Amplivox are producing a range of 
small audio frequency amplifiers using 
miniature techniques which achieve 
microcircuit proportions. Component 
densities up to several hundred per cubic 
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* Electronic Engineering ’ will 
occupy Stand 2 in Hall 13 at the 
Hanover Fair from 30 April to 
9 May and visitors will be welcome. 











inch are obtained by using conventional 
wiring methods. 

The larger amplifier illustrated enables 
a miniature magnetic microphone to be 
used in a carbon microphone circuit for 
superior intelligibility and better signal- 
to-noise ratio. It is available in several 
different forms, one of which is encap- 
sulated and designed to meet Ministry 
climatic requirements. 

The sub-miniature unit with a com- 
ponent density of over three hundred 
per cubic inch is a three transistor 
amplifier mounted on a printed circuit 
board that measures about 0°Sin by 0-2in. 
The gain, which is stabilized by feedback, 
is 76dB and the power output is approxi- 
mately ImW into 6002. 


EE 32 753 for further details 


6Ge/s TRAVELLING WAVE TUBE 
General Electric Co. Ltd, Magnet House, 
Kingsway, London, W.C.2 

M-O Valve Co., Ltd, a subsidiary of 
G.E.C., has started production on a new 
addition to its range of periodically 
focused travelling wave tubes. 

It is known as the G.E.C. TWCS5, a 
travelling wave tube power amplifier. 
capable of delivering 15W in the 5 925 
to 6425Mc/s band. 

The G.E.C. TWCS has been specially 
developed for multi-channel telecom- 
munications systems operating in this 
range of carrier frequencies, although the 
permissible bandwidth coverage can be 
considerably greater. 

A key feature is its easy replaceability 
in a periodic magnetic circuit—a notable 
advance over comparable valve types. By 
strict production control of metal and 
glass mechanical components, and of 
elaborate pumping schedules, the tube 
promises a long life and a high degree 
of reliability, and will meet the most 
stringent requirements of communication 
systems. 

EE 32 754 for further details 


HIGH VACUUM VARIABLE 
CAPACITORS 


(Illustrated on page 253) 


English Electric Valve Co. Ltd, Waterhouse Lane, 
Chelmsford, Essex 


The English Electric Valve Co. Ltd 
have announced what is probably the 
first British commercially available high 
vacuum variable capacitors. Five units 
comprise the range, three with capaci- 
tances of 5 to 30, 8 to 50, 16 to 80pF 
and two with capacitances of 5-5 to 
206pF. The peak r.f. voltage is 15kV for 
the first three and 8 and 10kV for the 
other two. 

By using a high vacuum as the di- 
electric, the spacing of the capacitor 
plates is reduced to about one-tenth of 
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that required for an air dielectric unit 
of comparable rating, giving a capacitor 
of extremely compact design. Although 
in some cases compactness is a major 
virtue in itself, particularly in airborne 
and military applications, the attendant 
advantages of reduced stray capacitance 
and inductance offered by the vacuum 
capacitor are attractive to the designers 
of r.f. circuits for broadcasting, com- 
mercial and industrial equipments. 

The construction follows in principle 
that of the well-known high vacuum 
fixed capacitor wherein the capacitor 
elements are made up from overlapping 
concentric cylinders. The variable capaci- 
tor, however, uses a metal bellows, which 
forms part of the vacuum envelope, to 
transmit an axial motion to one set of 
cylinders, thus enabling the overlap to 
be adjusted. The processing and assem- 
bly of the metal bellows play a major 
part in the successful manufacture of 
these capacitors. A linear capacitance 
law is ensured by the nature of the con- 
struction except at minimum capacitance 
when fringe effects cause a small devia- 
tion. The capacitors, the largest of which 
has dimensions of only 9:Sin by 3-Sin, 
are designed to comply with the require- 
ments of RCSI1. 


EE 32755 for further details 


MOISTURE METER 
(Illustrated below) 
Kappa Electronics, 159 Hammersmith Road, 
Leadoa, W.6 


The Kappa moisture meter type AB/55 
is intended for the rapid and accurate 
determination of moisture content in a 
wide range of materials. 

The instrument is a frequency-sensitive 
device that measures, in arbitrary units, 
the permittivity of the contents of a 
removable test cell, the permittivity 
being dependent upon the physical pro- 
perties and moisture content of the 
material. A change in frequency pro- 
duced by a variation in the moisture 
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content of the sample is accurately 
detected by a superheterodyne circuit 
and is indicated on a continuous scale 
that is calibrated in 1000 well-spaced 
divisions. 

The frequency of the test circuit is 
selected so that readings are not affected 
by conductivity and a choice of cell size 
ensures that the sample is truly repre- 
sentative of the bulk. 

For normal materials of reasonably 
constant composition and texture, the 
accuracy can be expected to lie within 
0-05 to 0-4 in the 0 to 20 per cent: 0:2 
to 0-5 in the 20 to 30 per cent; 03 to 
0-7 in the 30 to 40 per cent; and 0°5 
to 1:0 in the above 40 per cent moisture 
range. 

EE 32 756 for further details 


SUB-MINIATURE POTENTIO- 
METERS 
(Illustrated below) 


Egen Electric Ltd, Charfleet Industrial 
Canvey Island, Essex 


Estate, 


Designed for use in transistor circuits, 
this new range of Egen potentiometers 
incorporates many features of interest 


in the field of miniaturization. Robustly 
constructed on a die-cast body of only 
tin diameter, these bush mounted con- 
trols have a tough moulded spindle of 
3/16in maximum diameter and will be 
available with standard resistance values 
in the range 1k2 to 3M® log. or linear 
law. Lower values can be made to 
special requirements. Two models will 
be manufactured initially, type 363 non- 
switch and type 365 with 50V 150mA 
d.p.s.t. switch, both with standard solder- 
ing tags. Other models for printed panel 
mounting are planned for production in 
the near future. 


EE 32 757 for further details 


DIGITAL DATA LINK EQUIPMENT 
(Illustrated above right) 
Ericsson Telephones Lid, Beeston, Nottingham 

With the advent of centralized com- 
puting a requirement has arisen for a 
convenient means of transmitting data to 
the computer centre from a variety of 
separate and widely dispersed points. 
Although telephone or telex circuits in 
many cases already exist, these are in- 
adequate for the large volume of traffic 
involved. 

This digital data link equipment 
employs electronic techniques, by means 
of which binary data can be transmitted 
at speeds up to 500 bauds over medium 
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such as the normal G.P.O. system, or 
private wires. 

The equipment at the transmit end 
comprises an input device, such as a 
magnetic or punched tape reader, and a 
frequency modulated transmitter. An 
error correcting encoder is also incor- 
porated, to eliminate errors introduced 
by the sporadic bursts of interference 
which are an inherent feature of most 
telephone systems. At the receive end 
the equipment consists of an amplifier 
and detector, followed by an error cor- 
recting decoder. Both the transmitter and 
receiver are designed for use with 5-hole 
punched tape. They can, however, be 
readily modified to operate with 6-, 7- 
or 8-hole tape, or from other media if 
required. The received and decoded 
signal may be read out either serially, 
or in parallel form, and may be applied 
via suitable buffering equipment to tape 
reperforators, magnetic tape recorders 
and printers. Indication that the equip- 
ment is functioning correctly, and is 
ready for service can be included at the 
transmit end, and facilities provided for 
automatic clear down at the end of a 
transmission. 

Both transmitter and receiver units 
are fully transistorized, and high grade 
components are used throughout, con- 
sequently the equipment is reliable in 
service, and economical to run. 

The transmitter and receiver are both 
suitable for mounting on a standard 19in 
rack, or in an instrument case. 


EE 32 758 for further details 


HIGH-SPEED IMPULSE SWITCH 
(Illustrated below) 


Lancashire Dynamo Electronic Products Lid, 
ugely, Staffordshire 


This new electromechanical switching 
unit is designed to provide electrical cir- 
cuit switching from the rotation of a 
shaft by means of cam-operated heavy 
duty switches. 
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The nousing 1s splash-proof and is of 
cast light alloy construction. Mounting 
is either by foot or by flange, both being 
zntegral parts of the housing. The switch 
is driven by a jin diameter input shaft 
which is supported in a sealed bearing 
at each end of the assembly. Two sets 
of heavy duty leaf spring contacts are 
included and the operation is determinéd 
by the form of the cam. 

The rotary switch is primarily intended 
for use with the Series F43 high-speed 
electromagnetic counter unit, but with 
an alternative cam-form the unit is suited 
to limit switching on rotary valve 
actuators and similar applications. 

EE 32.759 for further details 


MOTORIZED TELEVISION TURRET 
(/llustrated below) 
The Plessey Co. Ltd, Vicarage Lane, Iford, 
Essex 


A new motor-driven turret tuner 
designed to cover all television channels 
and f.m. channels, has been introduced 
by The Plessey Company. This new 
unit, type PL 14M, will facilitate the use 


of remote control and push-button tuning 
techniques in domestic receivers. No 
mechanical loading falls on the push- 
buttons which are used only to switch 
electrical circuits. 

Using the latest frame grid valves, the 
r.f./oscillator unit features high gain, low 
noise and low drift characteristics. 

New contact design in the turret affords 
accurate resetting with minimum fre- 
quency drift. For special applications, 
however, a fine tuner is available as an 
optional fitment. 

The specially developed motor drive 
unit for the turret tuner uses a mains 
voltage induction motor to eliminate 
interference. Accurate resetting by self- 
indexing the turret, and automatic dis- 
connexion to prevent overrun when the 
motor is switched off, are provided by 
a special clutch unit. 

This motorized turret tuner can be 
mounted anywhere in the receiver as its 
position is not dictated by the need for 
external controls. 

Operating time of the tuner for 360 
rotation is 7sec. 


EE 32 760 for further details 


TRANSISTOR ANALYSER 
(illustrated above right) 
Microcell Electronics Ltd, Blackwater, 
Camberiey, Surrey 
This instrument is designed to measure 
to a high degree of accuracy the para- 
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meters of pnp and npn transistors, and 
incorporates several features which will 
commend it to the circuit designer who 
requires more accurate information on 
individual transistors than the manufac- 
turers normally supply. It is particularly 
suitable for the selection of matched sets 
of transistors. 

Parameters which can be measured are 
amplification factor (8), cut-off frequency 
(f.0.'), collector leakage current (/,,.) and 
collector turnover voltage (V..) and Jeo’ 
of diodes 

Features of the instrument are the use 
of a differential input, wideband valve- 
voltmeter as a f indicator and a wide- 
band oscillator as a signal source. The 
valve voltmeter form of indicator effec- 
tively nullifies errors due to spurious 
voltages developed across the ratio net- 
works. The response of this valve-volt- 
meter is within +1°5SdB from Ike/s to 
10Mc/s. The oscillator which is a Wein 
bridge type covers the range Ikc/s to 
10Mc/s and is amplitude stabilized to 
within + 1-5dB. 

Collector supplies are fully stabilized 
as is the supply for the oscillator and 
valve-voltmeter. 

Collector voltage and collector current 
are monitored on _ edge-type meters 
stacked one above the other so that both 
may be watched simultaneously and all 
the meters are fully protected against 
overload. Base current may be measured 
by plugging in an external meter. 

Provision is made for external adap- 
tors to be used in order to measure 
transistor A parameters, etc. 


EE 32 761 for further details 


TRANSISTOR TESTER 
(Illustrated below) 


& Partners Ltd, 3 The Causeway, 
Teddington, Middlesex 


The tester is designed for use in con- 
junction with all multi-range meters of 
ImA basic movement or better, prefer- 


Grundy 


ably with built-in overload protection. 
The mounting terminals enable the unit 
to be mounted directly on to a Universal 
Avo-Meter. 

Transistor measurements include col- 
lector-emitter, and collector-base leakage 
current (/,,.') and (/,.) respectively, at a 
potential of 4°5V. 

Diodes are tested in the forward direc- 
tion by passing a current of up to 10mA 
depending on the forward resistance. The 
reverse current is checked at a potential 
of 9V. 

A useful measurement of current gain 
(8) can be made of transistors up to 
800mW dissipation and a_ reasonable 
indication is given for higher powers. 

Five switched base input currents are 
available of 5, 10, 50, 100 and SOOuA. 
The collector voltage being fixed at 4°5V. 

It is possible, using the two sets of 
terminals provided, to match or com- 
pare two similar transistors or diodes in 
a minimum of time under exactly the 
same conditions. 

Provision is made for testing the 
internal battery under load, thus eliminat- 
ing the possibility of error due to bat-- 
tery failure. 

EE 32 762 for further details 


MIDGET STAND-OFF TERMINAL 
(Illustrated above) 


Sealectro Corporation, Hersham Factory Estate, 
yon Road, Walton-on-Thames, Surrey 


This midget stand-off terminal has a 
turret stud with Teflon body for ‘ press- 
fit’ installation technique. Overall length 
of the new unit is 0:296in, while the 
soldering lug measures 0°156in long. 
The through-chassis Teflon body is 
0-148in diameter, with a 0°172in diameter 
shoulder for chassis support. The solder 
lug is made of brass. The new terminal 
is available in all standard colours for 
circuit coding. 

EE 32 763 for further details 


ROTARY STEPPING RELAY 


(Illustrated on page 255) 


Thorn Electrical Industries Ltd, Thorn House. 
Upper St. Martins Lane, London, W.C.2 


This ‘three-in-one’ rotary stepping 
relay is a combination of (1) a standard 
relay with a knife-edge armature pivot 
operating contact springs, and a ratchet 
and pawl driven stepping mechanism, (2) 
a ratchet driven rotary switch consisting 
of four banks of 12 points each with 
sliding bifurcated spring wipers, and (3) 
a ratchet driven stepping relay with two 
cams which open and close double con- 
tact type springs in accordance with the 
cam pattern. 

The rotary switch terminals are 
arranged in a circular pattern with four 
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Points to 
note when 


HIGH POWER OSCILLATOR AMPLIFIER TYPE 254 


choosing a 


VERSATILITY Is the instrument capable, as it stands, of performing 
a wide variety of duties? 


The Airmec Oscillator/Amplifier Type 254 consists of a 150-watt 
amplifier, which may be driven from an internal oscillator operating 


oe 
over the range 30 c/s to 30 ke/s, or from an external source. It is fully 
equipped with metering and protective circuits, and may be applied 
as a power source for “odd-frequency” equipment, vibrators, and 


small servomotors, for double-voltage, double-frequency testing of 
transformers, and for use as a high power audio amplifier. 


« LOAD IMPEDANCE (Cana variety of loads be matched efficiently ? 
Reasonably good matching is essential to reduce distortion and to enable 
full power output to be obtained. The output transformer of the Airmec 
Oscillator/Amplifier Type 254 has a number of secondary windings, 


which may be switched into series/parallel combination to match loads 
between 16.7 and 4,270 ohms. 


POWER OUTPUT is the available power output sufficient? 


An amplifier may be designed to provide almost any degree of power, 
but only at great expense and by using special techniques. The Airmec 
Oscillator/Amplifier Type 254 provides a useful output with conven- 
tional circuitry, the maximum continuous sine-wave output being 150 
watts from 50 c/s to 5 kc/s, which is maintained at 100 watts at 30c/s 
and 10 ke/s and is still 50 watts at 30 kc/s. 


HUM AND NOISE 1s the level of spurious signals acceptable? 


Excessive hum and noise can be a severe disadvantage in any application 
involving ancillary equipment or comparative measurements. The total 
hum and noise produced by the Airmec Oscillator/Amplifier Type 254 
does not exceed 40 mV at any output impedance. 


PRICE AND DELIVERY Are both the price and delivery reason- 
able? 
The price of the Airmec Oscillator/Amplifier Type 254 is only £200 and 


delivery is immediate. 


Write now for descriptive leaflet No. 193A 


Airinec Bz 
AIRMEC LIMITED . HIGH WYCOMBE . BUCKS. . Telephone High Wycombe 2501/7 
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EE 32 119 for further details 


The answer 


to one-sided(assembly ‘fixing— 
ad 


GIKaN] 


introduce new 
low-cost, high-speed fasteners, 
designed for fixing from one side 


of an assembly. Simple, positive, 
NPK 


robust and time-saving fasteners for ee 


general application in all industries. 


No tapping 
Assembly from one side 
Insulated fixing ——— 
High strength/weight ratio 7 — | 2 
No special tools required OL 
Vibration-proof 
Clips in position and cannot fall out 


Dust and waterproof 
ce a | | INSULGRIP 
iy | SHOCK & VIBRATION PROOF 
; i ff FASTENER 


Full technical details on request. 


IF ITS A MATTER OF FIXING ONE THING 


TO ANOTHER—GET IN TOUCH WITH GK N 


“GEORGE GOODMAN LTD 


ROBIN HOOD LANE - BIRMINGHAM 28 ~- TELEPHONE: SHIRLEY 449! 
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banks of twelve points each. Each bank 
comprises a quadrant of the circle and 
contains a common buss which is con- 
nected to the 12 isolated points in 
sequence by means of a sliding wiper 
as the switch is operated. The four 
bifurcated sliding wipers are made of 
phosphor bronze and the wiper contact 
assemblies are insulated electrically from 
each other. The contacts of the rotary 
switch bank are capable of carrying 
0-SA on a steady state basis and of inter- 
rupting 0-1A at 50V d.c. with a resistive 
load. 

The ratchet driven stepping relay has 
two circular cams sharing space on a 
common shaft which actuates the rotary 
switch wipers. Each of the two cams 
actuates up to five contact springs in 
accordance with the predetermined cam 
pattern. 


In addition there are two contact sets 
with a maximum of four springs each 
which open and close with every step 
of the rotary stepping relay switch. All 
the contact springs are the long leaf 
spring type with supports to ensure long 
life and trouble-free operation. The twin 
noble metal contact points are capable 
of handling 1-0A steady state and of 
interrupting OSA at SOV dc. with a 
resistive load. 

Coil voltages are 12, 24, 48 and 110V 
d.c. Two standard coils are available: (1) 
a high speed low inductance coil capable 
of stepping the switch at a rate of 40 
steps per second (power requirement 4W) 
and (2) a more sensitive low speed coil 
capable of stepping the switch at a rate 
of 20 steps per second (power require- 
ment 2W). 


EE 32 764 for further details 


STABILIZED POWER SUPPLY 
(Illustrated above right) 

W. G. Pye & Co. Ltd., P.O. Box 60, Cambridge 

This general purpose laboratory power 
supply features four main outputs; a 
stabilized h.t. supply, continuously vari- 
able from —10 to +500V, with a 
maximum output of 250mA, a 250V 
stabilized bias supply, and two centre- 
tapped 6-3V SA heater outputs. All these 
supplies are ‘floating’, so that any 
terminal or each may be earthed, or for 
a.c. voltages they may be connected in 
series or parallel. Voltage contro] of the 
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500V output is achieved with a combina- 
tion of a four-position switch and a 
potentiometer; the former contro] selects 
the output range, each position covering 
nominally 125V, and the latter gives 
continuous control within each range, 
with some 10V overlap at each end. At 
the lower end of the 0 to 125V range, 
the output can be swung through zero 
up to ten volts negative. 

A meter is provided with which either 
voltage or current output from the h.t. 
supply can be read. The full-scale 
deflexion of the meter is automatically 
adjusted either to 250 or to 500V, 
according to which output range is in 
use. 

When reading current, sensitivities of 
250 or of 50mA can be selected. The 
meter face is scaled for all these ranges. 
Ripple on the high-voltage supply is less 
than 3mV, and regulation better than 
0-1 per cent output voltage variation for 
10 per cent input change, The internal 
impedance of the supply is below 0-752 
form d.c. to 50ke/s. 

The bias supply is fixed at 250V 
stabilized, and 30mA may be drawn 
from it if desired. However, a potentio- 
meter connected across the supply 
enables a variable bias potential to be 
obtained. 

Other features of the design include 
full overload and short-circuit protection 


EE 32 765 for further details 


NUCLEAR ‘HOT SPOT’ MONITOR 
(illustrated below) 


Avo Ltd, Avocet House, 92-96 Vauxhall Bridge 
Road, London, §.W.1 


Designed for the measurement of * hot 
spots’ of beta gamma radiation over the 
range 0°05 to 100r/h, this instrument is 


intended for determination of hot spots 
of local radioactive material which may 
have been deposited during processing. 

The ionization chamber can _ be 
mounted on any combination of three 
interlocking extension rods and a flex- 
ible connector allowing the ionization 
chamber to be at a distance of up to 
13ft from the operator. 

The ionization chamber, which has a 
volume of 160cm’, is made of an alumi- 
nium cage, supporting a * Melinex’ foil 
0-00025in thick. 

A small strontium 90 source situated 
in the chamber together with two 
switches on the indicator unit, enable 
the operator to carry out operational 
checks even when the chamber is in an 
intense field. 

EE 32 766 for further details 


SPECTRUM ANALYSER 
(lllustrated above) 


Fenlow Electronics Lid, Springfield Lane, 
Weybridge, Surrey 


This instrument has been designed to 
analyse the recorded waveforms of vibra- 
tions, strains, etc., encountered § in 
engineering. The frequency range of the 
instrument is from 0-3c/s to 1050c/s. It 
is transportabe, self-contained, and 
operates from 200 to 240V 50c/s mains 
The prime function of the spectrum 
analyser is to detect and measure hidden 
periodicities in recordings. 

The instrument has a built-in meter 
displaying the power of the random 
waveform in the pass-band to which the 
instrument is set. Facilities are provided 
to take out the signal after the filter for 
recording purposes if required. 

Five filter widths are provided giving 
bandwidths between 0-06c/s and 37-Sc/s. 
The smoothing times available to suit the 
bandwidth being used are from 1°5 to 
150sec. 

The instrument contains several novel 
features and will provide a useful and 
accurate analysis of the input data. It 
is a constant bandwidth rather than a 
constant Q device using the heterodyne 
system with low-pass output filters and 
two quadrature channels to prevent 
ambiguities due to phase synchronization 
for almost periodic inputs. Accurate 
square law thermocouples are used to 
measure the power, these being followed 
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by the smoothing unit with controllable 
smoothing times. 

The controls and output meter are on 
the sloping panel together with the input 
and output terminals, Monitor points are 
available by removal of a cover on the 
top of the instrument; since the spec- 
trum analyser contains seven operational 
amplifiers this means that it is possible to 
use these for other purposes when the 
instrument is not being used for analysis, 
they may for example be used to simulate 
the equations of a mechanical system. 

EE 32 767 for further details 


PLUG-IN RELAY 
(Illustrated below) 
The Keyswitch Company, 2 Irongate Wharf 
Road, Praed Street, London W.2 
The P-32 plug-in 3000 type relay is 
available with any P.O. 3000 type re- 
lay to standard G.P.O. specifications, 


ie., from 2 to make to 
6 changeovers). 

The contacts may be twin silver 
(300mA); twin palladium or twin plati- 
num (1A); heavy duty fine silver (2A): 
silver-cadmium-oxide or silver nickel 
(8A). 

Plug and socket rating is 250V a.c. 
or d.c. Positive contact is definite be- 
tween male and female pins. A clip re- 
tains the relay positively in any position. 

The relay is supplied complete with 
transparent or metal cover, and socket. 

EE 32 768 for further details 


18 springs (1 


LATCHING RELAYS 
(illustrated above right) 
Electrical Remote Control Co. Ltd, Elremco 
Works, Bush Fair, Harlow, Essex 
The latching relay type UNIV/LA, 
which can carry up to eight contact sets, 
normally open, normally closed, change- 
over, or mixed, is held by a simple latch- 
ing mechanism in the energized position 
after a short pulse is applied to the coil. 
When the lever attached to the relay 
is pressed, the relay contacts are released 
to the de-energized position, remaining 
there until a further pulse is applied to 

the coil. 
The latching relay UNIV/LA/S (illus- 
trated) is similar to the hand reset ver- 
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sion above, but can be both latched and 
unlatched by electrical impulse. It is 
fitted on a substantial plate serving also 
as a mounting bracket. Attached to the 
plate is a small solenoid which, when 
energized, releases the latching device. 

The range of coils available covers 
requirements up to 440V a.c. or 230V 
d.c. The contacts are rated at 6A, 230V 
a.c. or 2A, 440V a.c. or 1A, 240V d.c. 


EE 32.769 for further details 


ULTRASONIC THICKNESS GAUGE 
(illustrated below) 


Distributed by: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 


The Kretz ultrasonic thickness testing 
instrument Type 6000 incorporates a 
high stability wideband amplifier having 
a frequency range of 3Mc/s to 20Mc/s, 
and has been specially designed to 
include facilities for the accurate 
measurement of dilation or contraction, 
and a special triggering circuit to give 
warning when a predetermined limit of 
measurement has been reached. 

Thickness measurements are accurately 
obtained by spanning several pulses with 
a movable pedestal whose leading edge 
can be moved to divide the first cycle 
of each ringing pulse. The higher the 
number of echo-pulses used for measure- 
ment, the greater the discrimination 
obtained. The vertical deflexion response 
of the trace is better than O-OS5usec so 
that an echo-time discrimination of 
0:012Susec is obtained. 





The unit has an effective depth range 
from icm to 70cm for flaw detection, 
and for thickness gauging a maximum 
range of 20mm dependent on frequency 
and attenuation of the material under 
test. The power consumption is 180VA. 
A low voltage socket is provided for 
certain types of work where stringent 
electrical safety precautions are essen- 
tial. The use of this socket automatically 
makes the high voltage connexion in- 
operative. 


EE 32770 for further details 


SQUARE WAVE UNIT 
(Illustrated below) 
Feedback Ltd, Crowborough, Sussex 
The square-wave unit type SW98 
manufactured by Feedback Ltd, an 
associate company of Servomex Con- 
trols Ltd, provides a square-wave driv- 
ing signal for repetitive analogues. A 
square-wave at mains frequency is pro- 


vided, and the unit also 
square-waves from. externally 
sine-waves over the frequency range 
50c/s to 10c/s. The rise-time is about 
2usec for any operating frequency and 
a miark-to-space ratio trimmer is pro- 
vided to enable an exact 1:1 ratio to be 
obtained. 

The minimum external signal for satis- 
factory operation is 2V peak, and the 
output is continuously adjustable from 
0 to 50V peak-to-peak independently of 
the input amplitude. 

A tuned circuit has been incorporated 
to generate a calibration oscillation for 
time measurement on an oscilloscope 
trace for use with repetitive analogues 
The calibration frequency is 2°Skc/s, and 
the oscillation train may be switched to 
occur during either the positive or nega- 
tive half of the square-wave. 

EE 32771 for further details 
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applied 


INDUSTRIAL MEASUREMENT 
EQUIPMENT 

Ekco Electronics Ltd, Southend-on-Sea, Essex 

Three new Ekco instruments are avail- 
able with specific application to indus- 
trial processes. The moisture gauge type 
N680 is designed primarily for use on 
paper-making machines and provides 
accurate indication of moisture present 
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Sell or sink! At a time when exports mean so much to 
the nation, we reflect with some pride on our own 
achievement. Almost half our production goes overseas. 
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detection without contact! 


Honeywell 
Proximity 
Switch 


v 


Ic detects rough or abrasive 
parts—no physica! contact to 


cause wear. 
= 


detects ferrous materials A “<= 





6 


Accepts actuating motion 
from any direction, in any 
sequence. 


Detects small parts in chute 
without detaining flow. 


Can be submerged, washed down Is completely sealed. has no _ Itsstainlesssteel sensing 
with water and steam and even moving parts, is unaffected by face protects against 
covered with cutting compounds. dust, grit, abrasives. damage. 


WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, Greenford, Middlesex. Waxlow 2333. 


£ I should like brochure MIC 6 on your new Prozimity Switch. 
NAME 

é COMPANY 
POSITION 
ADDRESS 

i : 


Sales Offices in the principal towns and cities in the United Kingdom 
and throughout the world. 
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‘Sees’ through stainless, brass, 
cardboard containers. 


Detects delicate or polished 
surfaces without marring 
finish. 


gf OF 4% ma 


LARIAN 





an 
as 
5 





Detects or counts large, 
irregular shaped objects. 


The sensor is provided 
with 6 feet of wire 

for connecting to 

the amplifier. 

This length can be cut 

or extended with ordinary 
electrical wire. 

No shielding is required 
up to a length of 

at least 150 feet. 


Honeywell 
[HH Frit Mie Quitahee 


APRIL 196! 





in paper within the range 2 to 75 per 
cent of moisture content. Alternative 
models are available giving limited 
ranges such as 2 to 15 per cent and 60 
to 75 per cent. The instrument can be 
used as a moisture controller at the dry 
end of the machine and can also be used 
in eonjunction with an Ekco substance 
gauge at the wet end. The latter arrange- 
ment makes it possible to measure the 
dry substance weight at a stage in manu- 
facture previously impossible. 

The storage unit type N682, princi- 
pally designed for coating applications, 
retains a gauge reading for a pre-set time 
related to the production process, means 
being provided to synchronize the delay 
with machine speed. This enables a base 
material reading to be compared with 
a reading from a second gauge measur- 
ing the coated material. With the delay 
afforded by the storage unit the ‘ coated’ 
and ‘uncoated’ readings for the same 
area of material can be compared after 
the drying or curing process. The differ- 
ence signals are then applied to an auto- 
matic control unit operating screw-down 
motors on the dip roller or doctor blade. 
Direct readings of the coating weights 
applied can also be given on a meter or 
chart recorder. 

Continuous and accurate measurement 
of metals produced in strip form up to 
0-S5in thick is provided by the secondary 
X-ray gauge type N658 in which X-rays 
are generated as Bremstrahlung from a 
strontium 90 source. Completely auto- 
matic control facilities are provided by 
the in-built auto control unit type N604. 


EE 32772 for further deatils 


‘ELECTRONIC MICROSWITCHES * 
(llustrated above right) 


Serve Consultants Lid, 10 Bouverie Place, 
London, W.2 


This unit has been designed to fulfil a 
need for a robust and contactless device 
for synchronizing the operation of auto- 
matic machinery. The unit is essentially 
intended to replace a pair of electrical 
contacts operated mechanically by a cam 
on a machine. The cam pick-off contains 
no moving parts and therefore its life 
expectancy is extremely long. All elec- 
tronic components used have liberal 
ratings, and the whole device is con- 
structed in such a way as to withstand 
the extreme conditions of vibration 
encountered in many industrial applica- 
tions. 

The unit can be actuated by a moving 
cam, rack or similar device, the only 
essential being that this device should be 
made of magnetic material. The normal 
gap between the front end of the unit 
and the cam can vary between 0 and 
0-030in for the ‘on’ conditions, and 
should be more than 0-25in for the ‘ off’ 
conditions. The ‘ on’ and ‘ off’ conditions 
are purely arbitrary and the device will 
stay indefinitely in either of the two 
states. its range of response extends 
therefore from d.c. operation to approxi- 
mately 1000 rev/min. The accuracy of 
resolution is +0-020in, giving an angular 
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accuracy of approximately 25min of arc 
when using a 6in diameter cam. 


EE 32773 for further details 


MILLIMETRE KLYSTRONS 
Elliott Brothers (London) Lid, 34 Portland 
Place, London, W.1 


Four new klystron oscillators for the 
4mm, 6mm and 12mm bands have been 
developed by Elliot Brothers. 

Water-cooled and built on the float- 
ing drift-tube principle, these klystrons 
produce output signals exceptionally 
free from thermal drift and hysteresis. 
The glass used in the construction of 
the envelopes has a_ high-temperature 
softening-point and is sealed to molyb- 
denum. This makes it possible to bake 
the valves at 700°C during the process 
of manufacture and results’ in an 
extremely high vacuum, good low-noise 
characteristics and improved cathode- 
durability. Average life expectancy is at 
least 500 hours. 

The 4KF1, which embodies many of 
the components used in the 15 watt Q- 
band klystron 8FKI1, is capable of a 
power output greater than 100mW at a 
fixed frequency of about 75kMc/s. 

Two klystrons are now in production 
for the 6mm band: the 6FK1, a fixed- 
frequency oscillator which delivers a 
power output of about 2W at SOkMc/s; 
and the 6TFK2, a tunable version of 
the 6FK1. 

The 12TFK2, a new 12mm oscillator, 
is a tunable version of the 10 watt, fixed- 
frequency oscillator 12FK1. It gives a 
power output of 8W minimum, over a 
1 000Mc/s range, centred in the band 21 
to 25kMc’s. 

EE 32 774 for further details 


SILICON RECTIFIERS 
(illustrated below) 


International Rectifier Co. (Great Britain) 
Harst Green, Oxted, Surrey 


A new range of medium power silicon 
rectifier stacks is now being offered by 
International Rectifier Co. (G.B.) Ltd. 
The range of stacks is designed to cover 
the most commonly met outputs for 


Led, 


power supplies in such equipment as 
power amplifiers, radio transmission 
gear, computer power packs, etc. 

Stacks are available in single-phase 
half wave, single-phase bridge and three- 
phase bridge configurations and stacks 
have efficiencies of up to 98 per cent, 
thus reducing heating problems. Their 
high output to size ratio makes them 
easily interchangeable in existing equip- 
ments, and reduces space requirements 
in new designs to a minimum. All 
assemblies are robustly constructed with 
‘plate lock’ fins and terminals, open 
ended mounting slots and colour coded 
terminals. 


EE 32775 for further details 


R.F. POWER VALVES 
(llustrated below) 


Associated Electrical Industries Lid, 155 Charing 
Cross Road, London, W.C.2 


A new method of cooling that is 
claimed to be more efficient and to make 


the valve cheaper to install and easier to 


maintain is embodied in three new 
Ediswan water cooled r.f. power valves 
Instead of the conventional water jacket, 
a spiral copper water tube is attached 
directly to the anode. The valves are type 
1SP12 with maximum anode dissipation 
of 0-6kW and maximum r.f. power out- 
put of 2:‘5kW, and types 16P12 and 
16P13 both with maximum anode dis- 
sipation of 3kKW and maximum rf 
power output of 7:‘5kW. 

Because there are no seals, water leak- 
age risk is reduced. The complete valve 
in each case is more compact than com- 
parable conventionally cooled types. 
Water requirements are low at approxi- 
mately 1 litre for 3kW anode dissipation 
An Ediswan patented over-dissipation 
protection device is incorporated. 

Suffixes 12 and 13 denote the type of 
water coupling provided, e.g. the 16P12 
is connected by flexible tubing, the 16P13 
by unions. 

The 15P12 has a grid constructed of a 
new non-emitting material which permits 
much higher grid dissipation. 

EE 32776 for further details 
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Meetings this Month 


THE BRITISH INSTITUTION 
OF RADIO ENGINEERS 


London Meetings 


Date: 6 April Time: 5.30 p.m 

Held at: London School of Hygiene and Tropical 
re ey Keppel Street, Gower Street, Lon- 
on 

Discussion Teansistoriaed ype Receivers. 

Date: 12 April Time: 5.30 p 

Held at: London - "= of wae Mg ‘one Tropical 
Medicine, Keppel Street, Gower Street, Lon- 
don, W.C.1 

Lecture: Vibration Analysis and Testing 

By: D. E -<apag 

Date: 19 A Time: p.m 

Held at: A> snl College Medical School, Uni- 
versity Street, Gower Street. London, W.C.1 

Lecture: Instrumentation for Obstetrics 

By: Dr N. Smyth 

Date: 26 April Time: 6 p.m 

Held at: London School of Hygeine and Tropical 
Pg 7 Keppel Street, Gower Street, Lon- 
on 


Lecture (ce Counting Ttechniqués 


West Midlands Section 
Date: 19 April Time: 6.15 p.m 
Held at: Electrical Engineering Dept., The Uni- 
versity of Birmingham 
A Programme of Technical Films 
South Western Section 
Date: 19 April Time: 7 p.m 
Held at: School of Management Studies, 
Street, Bristol 
Lecture: Colour Television. 
By: G. N. Patchett. 
South Midlands Section 
Date: 21 April Time: 7 p.m 
Held at: North Gloucestershire Technical College 
Lecture: The esa Transistor and its H.F 
Apolications 
By: D. H. Mehbrtens 


Southern Section 


Time: 7 p.m 
Southampton University 


Unity 


Date: 19 April. 
Held at: 
Building) 
Lecture The Development of an 
Maser Oscillator as a Frequency 
By: A. Mitchell. 


(Lanchester 


Ammonia 
Standard 


BRITISH SOUND RECORDING 
ASSOCIATION 


Time: 7.15 p.m 

Held at: Royal Society of Arts. John Adam 
: Street, i. London, W.C 

ecture ecording Vision Signals on T 

By: P. EB. Axon . 2 


Date: 21 April 


THE INSTITUTE OF 


Date: 21 April 

Held at: The Royal 
Kensington Gore, 

Lecture: 

By: Mr 


NAVIGATION 


Time: 5.15 p.m 
Geographical 
London, S 
Marine Radar owl dg 
S. R. Parsons and Captain F 


Society, 


J. Wylie. 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


All meetings will be held at Savoy Place, com- 
mencing at 5.30 p.m., unless otherwise stated. 
Medical Electronics Discussion Group 

Date: 7 April 

Discussion: The Conversion of Biological Data 
into Electrical Signals 
Electronics and Communications 

Date: 10 April 

Lecture: Applications of Electrical 
at Liquid Helium Temperatures 

By: R. E. Hayes. 

Date: 26 April 

Lecture: Data Transmission 

By: R. H. Franklin and J. Rhodes 


Supply Section 


Section 


Phenomena 


Date: 12 April 
Lecture: The Calculation of the Magnetic Field 
S potion Machines—-Part 2—The Field of 
tho-Generator End-Windings 
ay "D S. Ashworth and P. Hammond 
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Lecture: The Magnetic Field of the End-Windings 
of Turbo-Alternators 

By: P. J. Lawrenson 

Date: 19 April 

Lecture: Progress in Oil-Filled Cables and 
Accessories 

By: A. N. Arman, F. J 
Bishop 


their 


Miranda and G. R. 


Utilization Section 
Date: 20 April Time: 6 p.m 
Lecture: Diesel Railway Locomotives 
By: A. D. Swanston and B. W. Towell. — 
Lecture: Aluminium in Electrical Engineering. 
By: P. J. ata. 
Lecture: Automatic 
versing Mills 

By: T. E. S. Rickard. 

Measurement and Control Section 
Date: 25 April 
Lecture: Simulation of Intelligence 
By: Professor D ackay. 


a Meeting 


Programming for Hot Re- 


27 Apr 

Lecture: The i Fitty- Second Kelvin 
Medical Electronics 

By: Professor R. F. Woolmer. 


Date: 
Lecture on 


THE 
INSTITUTION OF ELECTRONICS 


Date: 21 April Time: 7 p.m 

Held at: The Laree Lecture Theatre, The Lon- 
don School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, W.C.1 

Lecture: Modern Transistors and Their Applica- 
tions 

By: T. D. Towers 

Date: 21 April Time: 7 p.m 

Held at: The Lecture Theatre, The Byng Kenrick 
Suite, The New College of Technology, Gosta 
Green, Birmingham 4 

Lecture: Iong-Distance Communication by Circular 
Wave Guide 

By: F. J. D. Taylor 

Date: 28 April Time: p.m 

Held at The Reynolds a df the Manchester 
College of Science and Technology, Sackville 
Street, Manchester 

Lecture Demonstration 
Data Links 

By: F. G. Heath 


Techniques for Digital 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 


Date: 19 April Time: 5 
Held at: Conference Room, Waterloo Bridge 
House, E.1 

Lecture 
ment 
By: D. C. Smith 


Cleaning Telecommunications Equip- 


THE PLASTICS INSTITUTE 


Date: 11 April Time: 6.30 p.m 

Held at: Wellcome Building, Euston Road, Lon- 
don, N.W.1 

Lecture: Some 
forced Plastics 

By: T. P. R. Lant, 


Recent Developments in Reim 


THE SOCIETY OF INSTRUMENT 


TECHNOLOGY 


Time: 7 


Date: 19 April p.m 
House, 26 Portland Place, 


Held at: Manson 
London, W.1 
Lecture: Electronic 
By: T. H. Flowers 

Date: 25 April Time 7 p.m 

Held at: Manson House, 26 Portland Place, 
London, W.1. 

Lecture: Instrumentation in 
Industry. 

By: A. H. Pople. 


Telephone Exchanges 


the Iron and Steel 


THE TELEVISION SOCIETY 


Date: 14 April Time: 7 p.m. 

Held at: Cinematograph Exhibitors’ Association, 
164 Shaftesbury Avenue, W.C.2. 

Lecture: Transparent Phosphor Screens. 

By: D. E. N. King. 


PUBLICATIONS 
RECEIVED 


BBC HANDBOOK 1961 is an up-to-date refer- 
ence on the BBC and its activities. It provides 
background information about the world-wide 
service given by the BBC with details of the 
latest developments in television and sound broad- 
casting. This book is available from the British 
Broadcasting Corporation, Broadcasting House, 
London, W.1, price 6s. 


THE STRUCTURE AND FUTURE PROS- 
PECTS OF THE ELECTRONIC-BASED IN- 
DUSTRIES IN THE UNITED KINGDOM by 
>. C. Gee is a survey which represents the first 
attempt to give statistical identity to the elec- 
tronics industry as it at present exists and to 
indicate possible trends of development during 
the next five and ten years. The survey is pub- 
lished by Heywood and Co. Ltd, Drury House, 
Russell Street, Drury Lane, W.C.2, price 5s. 


ABRIDGED VALVE DATA is a _ reference 
brochure, which is issued annually, giving 
abridged data for all English Electric Valve Com- 
pany valves up to the time of going to press. 
Detailed data for any type of valve will be sup- 
plied upon request and copies of afl free 
publications will be sent to anyone placing their 
name on the mailing list. Further information 
is available from English Electric Co. Ltd, 
Chelmsford, Essex 


A DESCRIPTION OF THE  FERRANTI 
PEGASUS 2 COMPUTER SYSTEM describes 
the features of the computer, both in its basic 
form and when used as a data-processing system. 
Further information on this List DC.44 can be 
obtained from Ferranti Ltd, London Computer 
Centre, 68-71 Newman Street, London, W.1. 


INTEGRATED DATA PROCESSING AND 
COMPUTERS is a report on a mission to the 
United States by a Group of European Experts. 
This report has been written with the primary 
object of creating a greater awareness among 
management of the advantages to be gained from 
an appropriate degree of integration whenever 
data processing activities are being reviewed, 
especially where the introduction of a computer 
is being considered. Orders and inquiries may 
be sent to O.E.E.C., Distribution and Sales Ser- 
vice, 33 ru de Franqueville, Paris-16¢e The 
price of this book is 10s 


pH METERS by Electronic Instruments Ltd is 
a booklet describing this Companies complete 
range of equipment. Electronic Instruments Ltd 
of Richmond, Surrey, specialize in the devising, 
developing and manufacturing of pH Meters for 
research, development, education, industrial and 
process control and medicine. Further details 
are available from 1.B.N. Evans, 30 Fieet Street, 
London, , 


SPIRE SPEED NUTS is the title of a manual 
now available from Simmonds Aerocessories Ltd, 
a member of the Firth Cleveland Group. This 
latest edition includes all the more recent develop- 
ments in their range of spring steel fastenings 
The manual will be of particular interest to 
designers in the motor, domestic appliance, radio 
and television industries. Further details are 
available from Dixon and Partners Ltd, Public 
Relations, 68 Knightsbridge, London, S.W.1. 


THE NUMERITROL CONTROL SYSTEM is a 
new publication by the Electronic Apparatus 
Division of Associated Electrical Industries Ltd 
which describes the continuous numerical control 
in two- or three-dimensions using }in wide mag- 
netic tape as a medium of information to the 
machine tool. Copies of this publication, No 
4103-1, are available from AEI Publicity Depart- 
ment, Rugby 


CONTRACT ENGINEERING a publication by 
Negretti and Zambra Ltd ,of 122 Regent Street, 
London, W.1, was incorrectly entitled ‘‘ Contact 
Engineering "’ in the March issue 


APRIL 1961 





EE 32 122 for further deteils 


The best brains 
in the business... 
all under one root! 


Pictured below, in descending order, are departments 
of the new Sifam factory shown at the foot of this 


page: Electrically Interlocking Hatch from Ultrasonic The concentration under one roof of exceptionally able 
Cleaning Dept. to Clean Area; Dust-free Air-Condi- . » A . 
tioned Final Assembly Area; Compression Moulding design teams, with long experience in many fields of 
Shop; Preliminary Assembly Shop and Dial Dept. industrial instrumentation, supported by completely 
up-to-date research and production resources, is an 
ae | outstanding feature of the new Sifam Factory. Designed 
solely for the specialist manufacture ofelectrical measuring 
instruments and pyrometers to the highest standards, 
the new plant offers an unrivalled service and a range 
of instruments unexcelled for craftsmanship and 
appearance. 


| 
4 
1 


Increased capacity enables us to offer the delivery you 
want—and to maintain it! Write to us now or ask for a 
Technical Representative to call with details of the 
latest Sifam developments. 


The Wessex range of four instruments is 
attractively designed in the modern style. 
The illustration depicts Type 61. 


: se 
ifam ENE 
thumestalior 


..- Skilled craftsmanship and a 


Of 4-90 


2 + ry. 
of t~ Se 


thirty year old Tradition of Excelience... 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 
Woodland Road, Torquay, Devon 


Torquay 63822/3/4 Telegrams: SIFAM, TORQUAY 
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Cut the extrusion to length 

Mitre the ends of the flanges; special IMLOK jigs make this easy 

Slide the extrusion on to the connectors 

Secure the extrusions in place by screwing tight the fixing screws. There you have a strong 
neat framework, made in minutes 


Strangpressprofil zuschneiden 

Enden der Flanschen gehren: dies wird durch IMLOK-Spezialwerkzeuge erleichtert 

Profil auf die vorgebohrten Verbindungsstiicke aufschieben 

Schraube in jeden Verbindungsarm einsetzen und festschrauben, sodass das Gestell starr ver- 
bunden ist. 


Couper la longueur de métal extrudé désirée 

Biseauter les extrémités des brides; des gabarits IMLOK spéciaux facilitent la tache 

Faire glisser la piéce extrudée sur des connecteurs préparés d’avance 

Placer une vis dans chaque bras de connexion. Serrer pour obtenir un cadre solide et net 


Corte la extravasacién del largo 

Ingletée las puntas de las alas: las plantillas especiales IMLOK facilitan la operacion 

Deslizase la extravasacién sobre los conectadores ya taladrados 

Coldéquese la tuerca en cada brazo conectador. Ajustese para formar un armazén fuerte y prolijo. 


the IMLOK construction system 


IMLOK — the low cost, unique construction system consists of alloy extrusions and locking 
corner connectors. It’s simplicity itself; you can make precision cases, cabinets—all sorts of 
structures—to your own design, without any tool costs! Imiok is smart, speedy and strong. 
You'll find it a boon for research and prototype work, and often the answer to a production 
problem. Write now for full information. 


IMLOK — das billige, einzigartige Bausystem besteht aus Legierungs-Strangpressprofilen und 
Eckenverbindungen. Es kann nicht einfacher sein! Es erméglicht Ihnen, Prazisionskabinette, 
Kasten und andere Bauarten herzustellen, und dies nach Ihren eigenen Wiinschen und ohne 
Werkzeugkosten, IMLOK ist anziehend, schnell und fest. Unentbehrlich fiir Forschungs- und 
Prototypearbeiten — und oft auch die Antwort auf andere Produktionsprobleme. 

Bitte fordern Sie voile Einzelheiten an! 


IMLOK —Je systéme de construction unique a bas prix est constitué de piéces en alliage 
extrudées et de connecteurs de fixation de coins. C'est la simplicité méme! Vous pouvez 
fabriquer des boltes et des placards de précision — toutes sortes de structures en fait — 
d’aprés vos propres dessins, sans avoir 4 acheter d'outils. Imlok est élégant, rapide et solide. 
Vous le trouverez d'une utilité extréme dans vos travaux de laboratoires et pour la con- 
struction de vos prototypes; Imlok vous offrira souvent la solution de vos problémes de 


cee. plus de renseignements écrivez nous sans tarder. 


IMLOK — el costo bajo, el singular sistema de construccién consiste de extravasaciones de 
aleacion y la cerradura de los conectadores de esquinas. Es simplicidad en si misma: iVd. puede 
fabricar cajas de precisién, bufetes — todas clases de estructuras —a su propio disefio, sin 
costo de herramientas! Imlok es elegante, rapido y fuerte. Lo encontrara un don para trabajo 
de investigacién y de prototipo, y frecuentemente la respuesta para problemas de produccién 
Escriba ahora para detalles completos. 


Alfred imhof Ltd., Dept F4, Ashley Works, Cowley Mill Road, Uxbridge, Middx. 


Telephone: Uxbridge 37123 Telex: 24177 Telegrams: Imcase, Uxbridge, Telex 
IMHOFS AGENTS OVERSEAS 


oot E.G.£.E., Paris (19) Finland: a7} Scienta Ab. Helsinki Morocco: E.G.E.E., Paris (19) Switzerland: Walter Blum, Zurich 2/39 
Australia: Aladdin industries (Pty) Led. E.E. Paris (19) New Zealand: imarex Ltd., Auckland C3 Tunisia: £.G.E.E., Paris (19) 
Stanmore NSW Guemenet Sunvic Regier GMBH Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc., 
et Rogelec, Ghent Solingen—Ohligs Portugal: Projectos e ConstrucoesLda, Cleveland 3, Ohio 
_ Canada: Measurement Engineering Ltd., ee 4. = van Reijsen, Delft Lisbon British Guiana: 
prior y: Scuart Culley, Milan South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltd 
Denmark : Tage Schouboe. Mexico: Aluminio Arquitectonico,S.A. Johannesburg stiadd Georgetown : 
Copenhagen N Mexico D.F. Sweden: Electroniund AB, Maimo | 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


VOLTMETRE NUMERIQUE 


Solartron Laboratory Instruments Ltd, Cox Lane, 
Chessington, Surrey 


(Illustration a la page 252) 


Dans le voltmétre numérique type 
LM 902.2 les tensions directes de 100 4V 
a 1.500 kV sont présentées comme indi- 
cation a 4 chiffres de forme décimale 
avec discrimination de polarité. L’affi- 
chage se fait par projection optique et 
il est exempt de l’'ambiguité propre a 
certains dispositifs d'indication numé- 
rigue. Les fonds rouges et noirs repré- 
sentent des entrées positives et négatives 
respectivement. 

Les mesures de tension se font en trois 
gammes. L’impédance d’entrée est de 
‘1000 mégohms, sauf dans les deux 
gammes inférieures, dont les impédances 
sont de 1 mégohm et 100 mégohms. La 
précision & long terme est de +0,1% 
de la lecture maxima dans chaque 
gamme. Deux gammes de tension sup- 
p'émentaires de 100 V et 1 kV ont des 
impédances d’entree de 100 mégohms et 
une précision de mesure de +0,5%. 

Le temps de lecture est constant a 
280 msec, quelle que soit lentrée de 
tension, qui peut étre “remontée” jusqu’a 
700 V par rapport a la masse. 

Une position de contréle sur le com- 
mutateur de gamme permet le réglage du 
zéro et une vérification de I’étalonnage. 
La “référence” intérieure Zéner peut 
étre prérégiée a sa valeur précise et 
corrigée si nécessaire en fonction de la 
cellule étalon incorporée Weston. 

Dans les conditions normales d’auto- 
fonctionnement, les tensions sont 
mesurées de facon continue, toute varia- 
tion provoquant une lecture différente. 
Pour assurer une souplesse d’application 
maxima, le modéle LM 902.2 est doté 
d'une “zone morte” réglable pouvant, 
dans certaines limites, rendre Tinstru- 
ment insensible aux changements légers 
de tension. Ainsi, on peut obtenir des 
lectures virtuellement exemptes de tout 
vacillement pour les phénoménes transi- 
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soires et instruments d’essai 


toires. Des composantes de bourdonne- 
ment de 50 Hz pouvant survenir dans 
la tension devant étre mesurée, peuvent 
étre atténuées ou supprimées en mettant 
en circuit des constantes de temps 
courtes ou longues dans le circuit 
d’entrée. 

Lorsqu’on met en circuit le mode de 
fonctionnement d’échantillonage, une 
seule lecture de tension est effectuée, soit 
en actionnant un bouton de panneau 
soit partélécommande électrique. Cette 
lecture restera affichée jusqu’a ce que 
'échantillon suivant soit pris. 

Deux douilles 4 50 directions A 
l’arriére du voltmétre fournissent Il’in- 
formation numérique codée décimale, de 
méme que des signaux de commande de 
polarité et d’impression pouvant étre 
injectés dans une Tireuse Venner TSA 65 
et dans un indicateur supplémentaire. 


EE 32751 pour pius amples renseignements 


POTENTIOMETRE BOBINE 
Painton & Co. Ltd, Benbridge Drive. 
Kingsthorpe, Northampton 
(Illustration a la page 252) 


Le plus récent potentiométre bobiné, 
le modéle No. 224, est produit par 
lusine de Northampton de la société 
Painton & Co. Ltd. 

Il s’agit d'un instrument de 31,75 mm 
de long, fonctionnant a 175°C et scellé 
contre l"humidité, les liquides et les 
composés de moulage. 





FOIRE INTERNATIONALE DE 
HANOVRE 


“Electronic Engineering” occu- 

pera le Stand 2, dans la Salle 13, 

a la Foire Internationale de 

Hanovre, du 30 avril au 9 mai 

1961, et les visiteurs y seront les 
bienvenus. 











Traduction des pages 252 d 257 


tourne-vis Aa auto- 
verrouillage & 22 tours, présente une 
excellente stabilité anti-chocs,  anti- 
vibrations et anti-accélération, et 
élément bobiné de précision assure un 
niveau élevé de sfireté de fonctionne- 
ment. La dissipation de puissance est de 
1 W a 70°C et 0,5 W a 125°C. Les 
valeurs de résistance vont jusqu’éa 100k. 

Trois types de configurations de bornes 
sont prévus; fils isolés, cosses 4 souder 
et broches de circuits imprimés. 


EE 32 752 pour plus amples renseignements 


Le réglage par 


AMPLIFICATEURS A TRANSISTORS 
MINIATURE 
Amplivox Ltd, Beresford Avenue, Wembley, 
Middlesex 


(Illustration a la page 252) 


La société Amplivox produit une série 
de petits amplificateurs basse-fréquence 
fabriqués selon les techniques de minia- 
turisation donnant des proportions de 
microcircuits. Les densités de com- 
posantes vont jusqu’aé plusieurs centaines 
par pouce cube et sont obtenues par 
lemploi des méthodes de cAblage con- 
ventionnelles. 

Le grand amplificateur qu’on voit sur 
la gravure permet [T‘utilisation d'un 
microphone magnétique miniature dans 
un circuit microphonique au carbone afin 
de garantir une meilleure intelligibilité 
et un meilleur rapport signal/bruit. I 
est livrable en plusieurs modéles diffé- 
rents, dont un modéle sous moulage 
prévu pour répondre aux conditions 
ministérielles concernant le climat. 

Le type sub-miniature, dont la densité 
en composantes dépasse trois cents par 
pouce cube, est un amplificateur a trois 
transistors monté sur plaquette de circuit 
imprimé mesurant 12.7mm sur 5mm. 
Le gain qui est stabilisé par réaction, 
est de 76dB, et la sortie de puissance 
est d’environ 1 mW dans 600 ohms. 


EE 32753 pour plus amples renseignements 


ELECTRONIC ENGINEERING 





TUBE A ONDES PROGRESSIVES 
General Electric Co. Lid, House, 
Kingsway, London, W.C.2 
La société M-O Valve Co. Ltd, une 
filiale de la General Electric Co. Ltd, 
vient de commencer la production d'une 
nouvelle réalisation dans sa gamme de 
tubes & ondes progressives de concentra- 

tion périodique. 

Il s'agit du G.E.C. TWCS, un amplifi- 
cateur de puissance a tubes a ondes 
progressives, capable de fournir 15 W 
dans la bande de 5925 a 6425 MHz. 

Le G.E.C. TWCS a été spécialement 
étudié pour les systémes de télécommuni- 
cations multivoies fonctionnant dans la 
susdite gamme de fréquences porteuses, 
quoique la largeur de bande prévue 
puisse étre considérablement agrandice. 

Une particularité importante du G.E.C. 
TWCS est qu'il peut étre facilement 
remplacé dans un circuit magnétique 
périodique, ce qui constitue un gros 
progres par rapport aux types de tubes 
comparables. Grice au contréle rigou- 
reaux en cours de production des com- 
posants mécaniques en métal et en verre, 
ainsi qu’aux tableaux de pompage méti- 
culeusement établis, le tube est assuré 
d'une longue durée et d'un degré élevé 
de sfireté de fonctionnement, répondant 
donc aux plus strictes exigences des 


systémes de communications. 
EE 32 754 pour pius amples renseignements 


CONDENSATEURS VARIABLES 
A VIDE POUSSE 


English Electric Valve Co. Ltd, Waterhouse Lane, 
Cheimsford, Essex 


(Illustration a la page 253) 


La English Electric Co. Ltd, vient 
d’annoncer la réalisation de condensa- 
teurs variables 4 vide poussé, constituant 
probablement les premiers condensateurs 
britanniques de ce genre A étre mis sur 
le marché commercial. La série de ces 
condensateurs se compose de cing unités, 
dont trois avec capacités de 5 a 30, 8 a 
50 et 16 & 80 pF, et deux avec capacités 
de 5,5 & 206pF. La tension de pointe 
haute-fréquence est de 15kV pour les 
trois premiéres et de 8 et 10kV pour 
les deux autres. 

Grace a l'emploi d'un vide élevé 
comme diélectrique, | ‘espacement des 
plaques du condensateur se trouve réduit 
a environ un dixiéme de l'espacement qui 
serait nécessaire & un élément diélectrique 
a air, de caractéristiques comparables, ce 
qui résulte en un condensateur de dessin 
extrémement compact. Quoiqu’un format 
compact soit déjA er maints cas un gros 
avantage en soi, particulitrement pour 
les applications militaires et de bord, les 
avantages supplémentaires d’une capa- 
cité et d'une inductance parasites réduites 
qu’offre le condensateur 4 vide poussé, 
en font un élément des plus utiles pour 
les réalisateurs de circuits haute fré- 
quence pour les matériels de radio- 
diffusion, commerciaux et industriels. 

La construction s’inspire, en principe, 
de celle fort connue du condensateur 
fixe & vide poussé dont les composants 
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capacitifs sont formés de cylindres con- 
centriques se chevauchant. Le condensa- 
teur variable emploie, toutefois, un 
souffet métallique faisant partie de 
lenceinte 4 vide afin de transmettre un 
mouvement axial 4 un jeu de cylindres, 
ce qui permet de régler le chevauche- 
ment. Le traitement et l'assemblage du 
souffet mécanique jouent un réle pri- 
mordial dans la fabrication trés réussie 
de ces condensateurs. La loi de capacité 
linéaire est assurée par la nature de la 
construction, sauf 4 la capacité minimum, 
ott les effets pelliculaires causent un 
légére déviation. Ces condensateurs, dont 
le plus grand ne mesure que 241mm x 
89mm, sont prévus pour se conformer 
aux conditions de la norme RCSI1. 
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APPAREIL DE MESURE 
D’HUMIDITE 


Kappa Electronics, 159 Hammersmith Road, 
London, W.6 


(illustration a la page 253) 

Le contréleur dhumidité Kappa type 
AB/55 est destiné a la mesure précise 
et rapide de la teneur en humidité d'une 
gamme étendue de matériaux. 

C'est un instrument sensible a la fré- 
quence qui mesure en unites arbitraires 
la constante diélectrique du contenu d'une 
cellule d’essai détachable, cette constante 
dépendant des propriétés physiques et de 
la teneur en humidité du matériau. Tout 
changement de fréquence produit par 
une variation dans la teneur en humidité 
de l'échantillon est décelé avec exactitude 
par un circuit 4 changement de fréquence 
et indiqué par une échelle continue 
étalonnée en 1000 divisions bien espacées. 

La fréquence du circuit d’essai est 
choisie de maniére 4 ce que les lectures 
ne soient pas affectées par la conducti- 
bilité et un choix de grandeurs de cellule 
permet d’acquérir la certitude que 
l'échantillon est effectivement représenta- 
tif de l'ensemble. 

Pour les matériaux courants, de com- 
position et texture assez constantes, le 
degré de précision pouvant étre escompté 
se situe entre 0,05 et 0,4 dans la gamme 
d’humidité de 0 a 20%; entre 0,2 et 0,5 
dans celle de 20 a 30%; entre 0,3 et 0,7 
dans celle de 30 a 40% et entre 0.5 et 
1 dans la gamme précitée de 40%. 
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POTENTIOMETRES 
SUB-MINIATURE 
Egen Electric Ltd, Charfleet Industrial Estate, 
Canvey Island, Essex 
(Illustration a la page 253) 
Etudiée pour l'emploi dans les circuits 
a transistors, cette nouvelle série de 
potentiométres Egen présente de nom- 
breuses caractéristiques d’intérét dans le 
domaine de ta miniaturisation. De con- 
struction robuste, sur corps coulé en 
coguille n’ayant que 12,7 mm _ de 
diamétre, ces commandes montées sur 
douille ont un axe moulé fort solide de 
4.8 mm de diamétre maximum et seront 
livrables avec des valeurs de résistance 
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normales dans la gamme de | kf2 a 
30 M2) de loi logarithmique ou linéaire. 
Des valeurs inférieures peuvent étre 
fournies sur demande spéciale. Deux 
modéles seront fabriqués initialement, 
soit le type 363 non-commutable et le 
type 365 avec comutateur bipolaire a 
une direction de 50 V 150 VmA, tous 
deux avec cosses & souder de type stan- 
dard. D’autres modéles pour montage 
sur panneau imprimé seront produits 
prochainement. 
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APPAREIL DE LIAISON DE 
DONNEES NUMERIQUES 
Ericsson Telephones Lid, B . Notti 
(Illustration a la page 253) 

Depuis T'avénement du calcul cen- 
tralisé, le besoin s’est fait sentir d’un 
moyen pratique de transmettre des ren- 
seignements au centre de calcul a partir 
d'une variété de points séparés lun de 
l'autre et fortement dispersés. Quoique 
les réseaux téléphoniques et de téléscrip- 
teurs existent déja en beaucoup de cas, 
ils ne suffisent pas au volume croissant 
des transmissions. 

Ce matériel de liaison numérique met 
en oeuvre des techniques numériques, au 
moyen desquelles des données binaires 
peuvent étre transmises 4 des vitesses de 
500 bauds a travers un réseau normal 
comme, par exemple, celui des P.T.T. ou 
des lignes privées. 

L’appareil comprend a _ Tl extrémité 
d’émission un dispositif d’entrée, tel 
qu'un lecteur de bande perforée ou 
magnétique, et un émetteur modulé en 
fréquence. Il est aussi pourvu d’une en- 
codeuse afin d’éliminer les erreurs pro- 
duites par les brouillages sporadiques, 
qui sont propres a la plupart des sys- 
temes téléphoniques. A Ilextrémité de 
réception, l'appareil se compose d'un 
amplificateur et d’un détecteur, suivis 
d'une encodeuse pour la correction des 
erreurs. L’émetteur, aussi bien que le 
récepteur, sont prévus pour l'emploi avec 
une bande perforée a 5 trous. Ils peuvent, 
cependant, étre facilement modifiés pour 
fonctionner avec des bandes 4 6, 7 ou 8 
trous, ou par d'autres moyens encore, 
si nécessaire. Le signal regu et décodé 
peut étre lu soit en série soit sous forme 
paralléle, et il peut étre appliqué, a l'aide 
d’un matériel intermédiare approprié, a 
des reperforateurs de bande ou a des 
enregistreurs et imprimeurs de bandes 
magnétiques. L’extrémité d’emission 
peut étre munie d’un dispositif indiquant 
si l'appareil fonctionne correctement et 
s'il est prét a l'utilisation, de méme qu’on 
peut effectuer le dégagement automatique 
a la fin d’une transmission. 

Le récepteur et I’émetteur sont tous 
deux entigrement transistorisés et des 
composants de premiére qualité sont 
exclusivement utilisés. Le matériel est, 
par conséquent, d’un fonctionnement sar 
et économique. 

Tant le récepteur que Ilémetteur 
peuvent étre montés sur bati normal de 
48cm ou dans un coffret 4 instrument. 
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COMMUTATEUR D’IMPULSIONS A 
ACTION RAPIDE 


Lancashire mamo Electronic Products Lid, 
ugely, Staffordshire 


(Illustration a la page 253) 


élément de commutation 
électromécanique a été prévu pour 
assurer la commutation de _ circuit 
électrique par la rotation d'un arbre, au 
moyen de commutateurs de grande 
puissance commandés par cames. 

Le coffret en alliage léger est protégé 
contre les corps étrangers. Le montage 
se fait soit par semelle soit par bride, 
les deux faisant partie intégrante du 
coffret. Le commutateur est actionné par 
un artre d’entrée de 0.95 cm de dia- 
métre, porté par une chaise de palier a 
chaque extrémité de l’assemblage. Deux 
jeux de contacts a ressorts 4 lames sont 
inclus et le fonctionnement est déter- 
miné par la forme de la came. 

Le commutateur rotatif est principale- 
ment destiné a étre utilisé avec |’élément 
de comptage électromagnetique A action 
rapide de la Série F.43, mais en 
employant une forme de came différente, 
on peut le rendre propre a limiter la 
commutation sur des mécanismes de 
comande a lampes rotatives et a des 
applications similaires. 


Ce nouvel 
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BLOC ROTACTEUR DE 
TELEVISION MOTORISE 
The Plessey Co. Ltd, Vicarage Lane, Ilford, 


(/llustration a la page 254) 


Un nouveau bloc rotacteur entrainé 
par moteur et prévu pour couvrir tous 
les canaux de télévision et de modula- 
tion de fréquence a été présenté par la 
Plessey Company. Ce nouvel appareil, 
type PLMI4M, facilitera l'emploi des 
méthodes de télécommande et a bouton- 
poussoir pour les récepteurs d’intérieur. 
Aucune charge mécanique ne tombe sur 
les boutons-poussoirs qui ne sont utilisés 
que pour commuter les circuits électri- 
ques. 

Utilisant les plus récentes lampes de 
grille d'images, l’élément a oscillateurs 
haute-fréquence offre des caractéristiques 
de grand gain, de faible niveau de bruit 
et de dérive réduite. 

La nouvelle conception des contacts 
du bloc rotacteur permet le réenclenche- 
ment précis avec le minimum de fré- 
quence de dérive. Pour des applications 
spéciales, cependant, un rotacteur plus 
précis peut étre fourni sous forme 
d’accessoire facultatif. 

L’ensemble 4 moteur d’entrainement, 
spécialement réalisé pour le bloc rotac- 
teur, utilise un moteur d'induction de 
tension de secteur afin d’éliminer les 
parasites. Un dispositif spécial d’embray- 
age permet le réenclement précis du bloc 
rotacteur par autoguidage et le dé- 
branchement automatique afin d’empé- 
cher le sur voltage lorsque le moteur est 
mis hors circuit. 

Ce bloc rotacteur motorisé peut étre 
monté n’importe ot dans le récepteur 
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car sa position ne dépend pas du besoin 
de commandes extérieures. Ajoutons, 
enfin, qu'il met 7 secondes pour effectuer 
une rotation de 360°. 
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ANALYSEUR DE TRANSISTORS 
Microcell Electronics Lid, Blackwater, 
Camberley, Surrey 
(Ilustration a la page 254) 


Cet instrument a été concu pour 
mesurer, avec un degré élévé de pré- 
cision, les paramétres des transistors 
pnp et npn. Il présente plusieurs avan- 
tages qui le rendent fort utile au 
réalisateur de circuits qui exige des 
renseignements plus précis sur des 
transistors individuels que n’en fournis- 
sent habituellement les fabricants, Il est 
particuli¢rement indiqué pour le choix 
de jeux accordés de transistors. 

Les paramétres pouvant étre mesurés 
sont le facteur d’amplification (8), la 
fréquence de coupure (f,.’), le courant 
de fuite au collecteur (/,..), la tension de 
renversement au collecteur (V;,) des 
transistors (montage d’émetteur mis a la 
masse), ainsi que la tension de fuite au 
collecteur des diodes. 

L’instrument se caractérise par l'utilisa- 
tion d'une entrée différentielle, d'un volt- 
métre électronique a large bande servant 
d’indicateur du facteur d’amplification et 
d'un oscillateur 4 large bande servant 
de source de signaux. L’indicateur a 
voltmétre électronique annule efficace- 
ment toute erreur due A une fausse 
tension se produisant dans les réseaux 
de rapport. La réponse de ce voltmétre 
électronique est, 4 +1,5 dB prés de pré- 
cision, de 1 kHz a 10 MHz. L’oscillateur, 
qui est du type 4 pont de Wien, couvre 
la gamme de 1 kHz a 10 MHz, et il est 
a amplitude stabilisée & + 1,5 dB prés. 

L’alimentation au collecteur est pleine- 
ment stabilise, de méme que d’alimenta- 
tion de loscillateur et du voltmétre élec- 
tronique. 

La tension au collecteur et le courant 
au collecteur sont contrélés par des 
appareils de mesure empilés l'un sur 
l'autre, de maniére 4 ce que la tension 
et le courant puissent étre suivis simul- 
tanément, et tous les appareils de mesure 
sont pleinement protégés contre toute 
surcharge. Le courant de base peut étre 
mesuré en enfichant un appareil de 
mesure extérieur. 

On peut également utiliser des adapta- 
teurs extérieurs pour mesurer les para- 
métres “h’’ de transistors, etc. 
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CONTROLEUR DE TRANSISTORS 
Grundy a Lid. 3 The Causeway, 





(/llustration a la page 254) 


Cet instrument de contréle a été prévu 
pour étre utilisé en liaison avec tous les 
multimétres & mouvement de base de 
ImA ou davantage, de préférence avec 
disjoncteur Aa maxima encastré. Les 
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bornes de montage permettent de monter 
l'appareil directement sur un Avo-métre 
universel. 

Les mesures de transistors effectuées 
comprennent les courants de fuite de 
collecteur-émetteur et de collecteur-base 
(oo) et Uno) respectivement, & un poten- 
tiel de 9 V. 

Les diodes sont contrélées dans le sens 
conducteur en faisant passer un courant 
allant jusqu’a 10mA, en fonction de la 
résistance directe. Le courant inverse est 
contrélé a un potentiel de 9 V. 

Une mesure utile du gain de courant 
(8) peut étre effectuée sur transistors 
d'une puissance atteignant 800mW, et 
une indication raisonnable est donnée 
pour des puissances plus élevées. 

Cing courants d’entrée & base com- 
mutée sont disponsibles soit 5, 10, 50. 
100 et 500A, la tension au collecteur 
étant fixée a 4,5 V. 

Il est possible, par l'emploi des deux 
jeux de bornes fournis, d’accorder ou de 
comparer deux transistors ou diodes 
similaires en un minimum de temps dans 
des conditions exactement pareilles. 

On peut également contréler la batterie 
intérieure sous charge, éliminant ainsi la 
possibilité d’erreurs dues a une panne 
de batterie. 
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BORNE ISOLANTE MINIATURE 


Sealectro Corporation, Hersham Factory Estate. 
Lyon Road, Walton-on-Thames, Surrey 


(/lustration a la page 254) 

Cette borne isolante miniature est 
dotée d’un goujon barillet a corps de 
Teflon pour la méthode d'installation 
dite de “pression fixation”. La longueur 
totale du nouvel élément est de 7,5 mm 
cependant que la cosse & souder mesure 
3,8 mm de longueur. Le corps a chassis 
“direct” a un diamétre de 3.76 mm, avec 
une épaule d’appui de 4,26 mm de 
diamétre pour le chassis. La cosse a 
souder est en cuivre. La nouvelle borne 
est livrable dans toutes les couleurs 
courantes pour le codage de circuit. 
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RELAIS A PLOTS ROTATIF 


Thora Electrical Industries Lid, Thorn House, 
Upper St. Martins Lane, London, W C.2 


(ilustration a la page 255) 

Ce relais & plots rotatif “Trois en un” 
se compose d'un (1) relais normal avec 
pivot 4 armature 4 couteau, actionnant 
des ressorts de contact, et mécanisme a 
plots entrainé par rochet, d'un (2) com- 
mutateur rotatif actionné par rochet 
comportant quatre bancs de 12 points 
chaque, avec frotteurs 4 ressort glissants 
bifurqués, et d'un (3) relais a plots 
entrainé par rochet, avec deux cames 
ouvrant et fermant des ressorts 4 double 
contact, selon le modéle des cames. 

Les bornes du commutateur rotatif 
sont disposées en un réseau circulaire 
avec quatre bancs de douze points 
chaque. Chaque banc comprend un quart 
de cercle et contient un joint commun 
qui est relié en séquence aux 12 points 
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isolés au moyen d'un frotteur glissant 
lorsqu’on actionne le commutateur. Les 
quatre frotteurs ghissants bifurqués sont 
faits en bronze phosphoreux et les 
assemblages de contacts a frotteurs sont 
isolés électriquement les uns des autres. 
Les contacts du banc du commutateur 
rotatif peuvent porter 0,5 A sur une base 
de régime permanent et interrompre 
O1A a SOV c.c. avec une charge ré- 
sistive. 

Le relais & plots entrainé par rochet a 
deux cames circulaires se partageant 
lespace d'un axe commun qui actionne 
les frotteurs du commutateur rotatif. 
Chacune des deux cames  actionne 
jusqu’& cing ressorts de contact selon un 
réseau de cames prédéterminé. 

Il y a, en outre, deux jeux de contacts 
ayant chacun un maximum de quatre 
ressorts qui s’ouvrent et se ferment a 
chaque plot du commutateur rotatif du 
relais 4 plots. Tous les ressorts de con- 
tact sont du type de ressort 4 longues 
lames avec supports pour assurer une 
longue durée et un fonctionnement sans 
ennuis. Les points de contact jumelés en 
métal noble peuvent recevoir 1,0A en 
régime permanent et interrompre 0,5 A 
a 50 V c.c. avec une charge résistive. 

Les tensions de bobine sont de 12, 24, 
48 et 110V c.c. Deux bobinages stan- 
dards sont fournis, soit (1) une bobine 
dinduction réduite A action rapide 
pouvant régler la cadence du commuta- 
teur 4 40 plots par seconde (consom- 
mation électrique: 4W), et (2) une 
bobine a action lente plus _ sensible 
pouvant régler la cadence du commuta- 


teur & 20 plots par seconde (consom- 
mation électrique: 2 W). 
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ALIMENTATION STABILISEE 
W. Gy Pye & Co. Ltd., P.O. Box 60, Cambridge 
(illustration a@ la page 255) 


Ce tloc d’alimentation universel de 
laboratoire comporte quatre sorties prin- 
cipales, une alimentation haute tension 
stabilisée & variation continue de —10 
a + 500 V, avec une sortie maximum de 
250 mA, une source de polarisation 
stabilisée de 250 V et deux sorties de 
chauffage a prise médiane. Toutes ces 
alimentations sont “flottantes”, de sorte 
que toutes les tornes ou n’importe les- 
quelles puissent étre mises a la masse. 
Pour les tensions alternatives, elles 
peuvent, cependant, étre reliées en série 
ou en paralléle. La commande de tension 
de la sortie de 500 V_ s’effectue avec 
la combinaison d'un commutateur a 
quatre positions et d'un potentiométre, 
le commutateur choisissant la gamme de 
sortie, chaque position couvrant 
nominalement 125 V_ et le potentio- 
métre assurant le contréle continu dans 
chaque gamme, avec un recouvrement 
denviron 10 V a chaque extrémité. A 
l'extrémité inféricure de la gamme de 0 
a 125 V. on peut faire passer la puissance 
de sortie de zéro a dix volts négatifs. 

Un appareil de mesure permet de lire 
la sortie de tension ou celle de courant 
provenant de lI’alimentation en haute 
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tension. La déviation sur la totalité de 
échelle de l'appareil de lecture peut 
étre réglée automatiquement soit sur 250 
V soit sur 500 V, selon la gamme de 
sortie utilisée. 

Des sensibilités de 250 ou de 50 mA 
peuvent étre choisies pour la lecture de 
courant. 

Le cadran de l'appareil de lecture est 
gradué pour toutes ces gammes. Le 
bourdonnement dans l’alimentation 4 
tension élevée est inférieur 4 3 mV et 
le réglage supérieur A 0,1% de variation 
de tension de sortie pour 10% de 
changement d’entrée. L’impédance in- 
térieure de l’alimentation est inférieure 
& 0,75 © du courant continu 4 50 kHz. 

L’alimentation de polarisation est fixée 
& 250 V stabilisés, et 30 mA peuvent en 
étre tirés au besoin. Cependant, un 
potentiométre relié aux bornes de 
l'alimentation permet d’obtenir un poten- 
tiel de polarisation variable. 

Le bloc se caractérise enfin par une 
protection totale contre la surcharge et 
les courts-circuits. 
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DETECTEUR NUCLEAIRE DE 
“POINTS CHAUDS” 


Avo Lad, Avocet House, 92-96 Vauxhall Bridge 
Road, London, S.W.1 


(illustration a la page 255) 

Congu pour la mesure des “points 
chauds” de radiations béta gamma dans 
la gamme de 0,05 a 100 r/h, cet instru- 
ment sert & déterminer les points chauds 
de matiéres radioactives locales qui 
pourraient se déposer durant le traite- 
ment. 

La chambre d'ionisation peut étre 
montée sur n’importe quelle combinaison 
de trois barres prolongatrices d’en- 
clenchement, et un connecteur souple 
permet a la chambre d'ionisation de se 
trouver a une distance allant jusqu’A 4m 
de lopérateur. 

La chambre d'ionisation dont le 
volume est de 160cm* est ume cage 
dalumininum portant une feuille de 
“Melinex” de 0,01 mm d’épaisseur. 

Une petite source de strontium 90 a 
Vintérieur de la chambre. ainsi que deux 
interrupteurs dans Il'élément indicateur, 
permettent 4 l’opérateur de contréler le 
fonctionnement, lorsque la chambre est 
dans un champ d'intensité. 
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ANALYSEUR DE SPECTRES 


Fenlow Electronics Ltd, Springfield Lane, 
Weybridge, Surrey 


Ullustration a la page 255) 

Cet instrument a été étudié pour 
lanalyse des formes d’ondes enregis- 
trées de vibrations, de contraintes, etc., 
telles qu'on les trouve dans Tlindustrie 
mécanique. La gamme de fréquences de 
l'analyseur va de 0,3Hz a 1050Hz. Il 
est portatif, autonome et fonctionne sur 
courant secteur de 200 & 240V 50 Hz. 
La fonction principale de cet appareil 
est de repérer et de mesurer les périodi- 
cités dissimulées dans les enregistrements. 
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Il comprend un indicateur incorporé 
montrant la puissance de la forme d’onde 
aléatoire dans la bande utile 4 laquelle 
l'appareil est réglé. On peut, d’autre part, 
supprimer le signal aprés le filtrage aux 
fins d’enregistrement, si nécessaire. 

Cing largeurs de filtre sont prévues, 
donnant des largeurs de bande de 
0,06 Hz 4 37,5 Hz. Les temps de filtrage 
pouvant étre adaptés a la largeur de 
bande utilisée vont de 1,5 4 150 secondes. 

Il se distingue par plusieurs carac- 
téristiques nouvelles et assure une analyse 
utile et précise des données d’entrée. 
C'est plutét un dispositif a largeur de 
bande constante qu’un dispositif a valeur 
Q constante, utilisant le systtme a 
hétérodyne avec filtres 4 sortie passe-bas 
et deux canaux de quadrature pour pré- 
venir les ambiguités dues a la synchroni- 
sation de phase pour les entrées quasi 
périodiques. Des couples thermoélectri- 
ques quadratiques précis sont utilisés 
pour mesurer la puissance, et ils sont 
suivis par l’élément de filtrage avec des 
temps de filtrage contrdlables. 

Les commandes et le compteur de 
sortie sont sur le panneau frontal incliné, 
de méme que les bornes d’entrée et de 
sortie. Des points de contréle sont 
obtenus en enlevant le capot. Vu que 
l'analyseur de spectres contient sept 
amplificateurs de fonctionnement, on 
peut donc les utiliser pour d'autres 
usages lorsque Il'instrument n’est pas 
affecté a TIanalyse. Ils peuvent étre 
employés, par exemple, pour simuler les 
équations d'un systeme mécanique. 
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RELAIS INTERCHANGEABLE 


The Keyswitch Company, 2 lIrongate Wharf 
Road, Praed Street, London W.2 


(Illustration a la page 256) 

Le relais interchangeable P-32 est 
fourni avec n‘importe quel relais du type 
3000 conforme aux spécifications pos- 
tales normales, c'est 4 dire de 2 a 18 
ressorts (1 contact de travail pour 6 
commutations). 

Les contacts peuvent étre en argent 
double (300mA), en palladium double ou 
en platine double (1A), en argent fin de 
grande résistance (2A), en oxyde cad- 
mié argenté ou en nickel argenté (8A). 

Les caractéristiques de fiche et doville 
sont de 250V c.a. ou c.c. Le contact 
positif est net enre broches mile et 
femelle. Une bride maintient le relais 
positivement dans n’importe quelle posi- 
tion. 

Le relais est livré complet avec 
couvercle transparent ou métallique et 
douille. 
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RELAIS DE VERROUILLAGE 


Electrical Remote Control Co. Ltd, Elmreco 
Works, Bush, Harlow, Essex 


(Illustration a la page 256) 

Le relais de  verrouillage type 
UNIV/LA qui peut porter jusqu’a huit 
jeux de contacts, normalement ouverts, 
normalement fermés, commutés ou 
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mixtes, est maintenu par un simple 
mécanisme de verrouillage dans la posi- 
tion d’excitation, aprés_ |’application 
d'une courte impulsion a la _ tobine. 
Lorsqu’on presse le levier fixé au relais, 
les contacts sont déclenchés dans la 
Position désexcitée, y demeurant jusqu’a 
ce qu’une nouvelle impulsion soit appli- 
quée a la bobine. 


Le relais de verrouillage UNIV/LA/S 
(voir notre gravure) est semblable au 
modéle a réenclement manuel décrit ci- 
dessus, mais il peut étre verrouillé et 
déverrouillé par impulsion électrique. Il 
est fixé sur une plaque servant égale- 
ment de support de montage. Cette 
plaque porte aussi une petite solénoide 
qui déclenche le dispositif de verrouillage 
lorsqu’elle est excitée. 


La gamme de bobines disponibles 
s’étend jusqu’A une puissance de 440 V 
c.a. ou 230 V c.c. Les valeurs nominales 
des contacts sont de 6A, 230 V. c.a. ou 
2 A. 440 V c.a. ou encore | A, 240 V c.c. 


EE 32 769 pour plus amples renseignements 


CALIBRE D’EPAISSEUR A 
ULTRA SONS 
Distributeurs: Aveley Electric Ltd, Ayron Road, 
Aveley Industrial Estate, South Ockendon, Essex 
(illustration a la page 256) 


La jauge d'épaisseur a ultra sons, 
Kretz type 6000, comporte un amplifi- 
cateur a large bande de grande stabilité 
a gamme de fréquences de 3 MHz A 20 
MHz, et elle a été spécialement concue 
pour donner la possibilité de mesurer 
avec précision la dilatation ou la con- 
traction. Elle est dotée d’un circuit de 
déclenchement spécial dont le réle est 
d’avertir lorsqu’une limite prédéterminée 
de mesure a été atteinte. 


Les mesures d’epaisseur s’obtiennent 
avec précision en reliant plusieurs impul- 
sions par une base mobile dont le bord 
principal peut étre déplacé de maniére 
a diviser le premier cycle de chaque 
impulsion d’appel. Plus le nombre 
dimpulsions d’échos utilisées pour la 
mesure est élevé, plus la discrimination 
obtenue est élevée. La réponse de dévia- 
tion verticale de la trace est supérieure 
a 0.05 microsecondes, de sorte que l'on 
obtient une discrimination durée/écho de 
0,0125 microsecondes. 


L’apnareil a une gamme de profon- 
deur effective de I1cm a 70cm pour la 
détection des défauts dans le métal. Pour 
la mesure d‘épaisseur, sa gamme maxi- 
mum est de 20mm, selon la fréquence 
et l'atténuation du matériau soumis a 
lessai. La consommation électrique est 
de 180 VA. Une prise de faible tension 
est prévue pour certains genres de 
travaux exigeant des mesures de pré- 
caution électriques des plus strictes. 
L’emploi de cette prise rend automatique- 
ment inopérante la connexion de haute 
tension. 


EE 32770 pour pilus amples renseignements 
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ELEMENT DE SIGNAUX CARRES 
Feedback Lid, Crowborough, Sussex 
(/lustration a la page 256) 


L’élément de signaux carrés type 
SW98 fabriqué par la société Feedtack 
Ltd, qui est une filiale de Servomex 
Controls Ltd, fournit un signal carré 
d’excitation aux calculateurs analogiques 
a répétition. Un signal carré est fourni 
a la fréquence secteur et l'instrument 
produit églalement des ondes carrées a 
partir d’ondes sinusoida'es app!iquées 
extérieurement dans la gamme de fré- 
quences de 5O0Hz & 10 kHz. Le temps 
de montée est d’environ 2 usec pour 
n'importe quelle fréquence de fonctionne- 
ment et un trimmer de rapport marque 
espace permet d’obtenir un rapport | : | 
exact. 


Le signal externe minimum pour un 
fonctionnement satisfaisant est de 2 V 
de puissance de créte et la sortie est a 
réglage continu de 0 a 50 V créte a 
créte, indépendamment de _ l'amplitude 
d’entrée. 


Un circuit accordé a été incorporé 
pour produire une oscillation d’étalon- 
nage pour la mesure de temps sur une 
trace oscilloscopique pouvant étre 
utilisée avec des calculateurs analogiques 
a répétition. La fréquence d’étalonnage 
est de 2,5 kHz et le train d’oscillations 
peut étre déclenché de maniére a co- 
incider avec la monitié positive ou néga- 
tive du signal carré. 

EE 32771 pour plus amples renseignements 


APPAREILS DE MESURES 
INDUSTRIELLES 
Ekco Electronics Lid, Southend-on-Sea, Essex 


Trois nouveaux instruments Ekco 
viennent d‘étre spécialement créés pour 
les procédés industriels. La  jauge 
d@humidité type N 680 a été principale- 
ment congue pour les machines a fabri- 
quer du papier et indique avec précisioa 
le degré d‘humidité dans le papier, dans 
une gimme de 2 a 75% de teneur 
d’humidité. Il existe, en variante, des 
modéles donnant des gammes limitées, 
telles que 2 a 15% et 6€ Aa 75%. 
L’appareil peut étre utilisé comme con- 
tréleur d*humidité a l’extrémité séche de 
la machine et il peut également étre 
utilisé en liaison avec la jauge de sub- 
stance Ekco Aa |’extrémité humide. Cette 
derniére application permet de mesurer 
le poids de la substance séche a un 
stade de fabrication ot il était impos- 
sible de le faire auparavant. 


L’appareil de mémoire type N682, 
principalement congu pour les revéte- 
ments, donne une lecture de jauge pour 
un temps préréglé, en rapport avec le 
procédé de fabrication, grace 4 un dis- 
positif qui synchronise le retard avec la 
vitesse de la machine. Ceci permet de 
comparer une lecture de matiére revétuc. 
Grace au retard donné par l'appareil de 
mémoire, les lectures “revétues” et “non 
revétues” pour une méme superfice de 
matiére, peuvent étre comparées aprés 
le processus de séchage ou de durcisse- 
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ment. Les signaux de différence sont 
ensuite appliqués 4 un dispositif de con- 
tréle automatique actionnant des moteurs 
vissés sur le rouleau plongeur ou ia 
lame racleuse. Des lectures directes des 
poids de revétement appliqués peuvent 
également étre données sur un appareil 
de mesure ou un enregistreur 4 bande. 

La lecture continue et précise des 
métaux produits en bandes, ayant jusqu’A 
1,27cm d‘épaisseur est fournie par ia 
jauge A rayonnements secondaires type 
N658, dans laquelle les rayons X sont 
engendrés sous forme de rayonnements 
de freinage & partir d'une source de 
strontium 90. Le bloc incorporé de 
contréle automatique type N604 assure 
le contréle enti¢rement automatique. 


EE 32772 pour plus amples renseignements 


MICRORUPTEUR ELECTRONIQUE 
—p Sem Place, 


Servo Consultants Lid, 
Loadon 


(Illustration a la page 257) 


Cet élément a été réalisé pour répon- 
dre A la nécessité de pouvoir compter 
sur un dispositif robuste et sans contacts 
pour synchroniser le fonctionnem. it du 
matériel automatique. Il est essentielle- 
ment destiné a jouer le réle d'un paire 
de contacts électriques, actionnés mécan- 
iquement par une came sur une machine. 
Le mécanisme sélectif de la came ne 
contient pas de piéces mobiles et sa 
durée est donc extrémement longue. 
Tous les composants électroniques 
utilisés ont des caractéristiques géné- 
reuses, et le dispositif entier est fabriqué 
de facon A pouvoir résister aux con- 
ditions de vitrations extrémes rencon- 
trées dans de nombreuses applications 
industrielles. 

Il peut étre mis en mouvement par 
came mobile ou par tout avpareillage 
analogue, la condition essentielle étant 
que cet appareillage soit en miatiétre 
magnétique. L’espace normal entre 
lextrémité frontale du microrupteur et 
la came peut varier entre 0 et 0,030 
pouces dans les conditions de “marche”. 
et devrait dépasser 0,25 pouces dans les 
conditions “d’arrét”, Les conditions de 
“marche” et “d’arrét’, sont purement 
arbitraires et le dispositif peut rester 
indéfiniment dans l'un ou l'autre de ces 
deux états. Sa gamme dé réponses s’étend 
donc du fonctionnement sur courant 
continu a environ 1000 tours/minute. La 
précision de définition est de 0.5 mm, 
donnant une précision angulaire 
d’environ 25 minutes d’arc lorsqu’on 
emploie une came de 150 mm de 
diamétre. 

EE 32773 pour plus amples renseignements 


KLYSTRONS MILLIMETRIQUES 


Elliott Brothers (London) Ltd, 34 Portland 
Place. London, W.1! 


Quatre nouveaux oscillateurs klystrons 
pour les tandes de 4, 6 et 12 mm ont 
été réalisés par Elliott Brothers. 

Ces klystrons, qui sont 4 refroidisse- 
ment par eau et fabriqués selon le 
principe du tube de glissement flottant, 
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produisent des signaux de sortie excep- 
tionellement exempts de glissement 
thermique et d’hystérésis. Le verre utilisé 
dans la fabrication des enveloppes a un 
point de ramollissement A température 
élevée, et il est scellé au molybdéne. 
Cette dernitre particularité, permet de 
cuire les tubes & 700°C durant le pro- 
cessus de fabrication et résulte en un 
vide extrémement poussé, de bonnes 
caractéristiques de bruit réduit et une 
durabilité cathodique ameliorée. La 
durée moyenne est de 500 heures au 
minimum. 

Le modéle 4FK1, qui comporte bon 
nombre des composants utilisés dans le 
klystron 8FK1 de bande Q a 15 W peut 
assurer une sortie de puissance supérieure 
& 100 mW 3a une fréquence fixe d’environ 
75 kMHz. 


Deux klystrons sont actuellement en 
production pour la bande de 6 mm: le 
6FK1, un oscillateur 4 fréquence fixe 
qui livre une sortie de puissance 
d’environ 2 W a 50 kKMHz, et le 6TFK2, 
qui est une version accordable du 6FK1. 


Le 12TFK2, un nouvel oscillateur de 
12 mm, est une version accordable de 
Yoscillateur & fréquence fixe 12FK1 de 
10 W. Il assure une sortie de puissance 
de 8 W au minimum dans une gamme 
de 1000 MHz centrée dans la bande de 
21 a 25 kKMHz. 


EE 32774 pour plus amples renseignements 


REDRESSEURS AU SILICIUM 
International Rectifier Co. (Great Britain) Lid, 
Hurst Green Surrey 


(illustration a la page 257) 

Une nouvelle gamme d’assemblages de 
redresseurs au silicium de puissance 
moyenne est maintenant offerte par la 
International Rectifier Co. (G.B.) Ltd. 
Cette série s'adapte aux sorties les plus 
communes d’alimentations de matériels 
tels que les amplificateurs de puissance, 
l'équipement d’émissions radio, les blocs 
d’alimentation de calculateurs, etc. 


Les assemblages livrables sont dans les 
configurations monophasées mi-onde, 
monophasées en pont et triphasées en 
pont, et leur efficacité va jusqu’éA 98%, 
ce qui réduit les problémes de chauffage. 
Leur rapport sortie/grandeur élevé les 
rend facilement interchangeables dans 
les matériels déjA en usage et réduit au 
minimum Tlespace nécessaire dans les 
matériels nouveaux. Tous les assem- 
blages sont de construction robuste avec 
ailettes et bornes “& verrou”, rainures de 
montage a extrémité ouverte et bornes 
a code de couleurs. 


EE 32775 pour plus amples renseignements 


TUBES DE PUISSANCE HAUTE 
FREQUENCE 
Associated Electrical Industries Ltd, 155 Charing 
Cross Road, London, W.C.2 
(Illustration a la page 257) 


Une nouvelle méthode de refroidisse- 


ment qui serait plus efficace que les 
précédentes et rendrait les tubes plus 
économiques 4 installer et plus faciles a 
entretenir est incorporée dans _ trois 
nouveaux tubes de puissance haute fré- 
quence Ediswan refroidis par eau. Au 
lieu de la chemise de refroidissement 
classique, un tube & eau en cuivre en 
spirale est fixé directement a l'anode. Les 
tubes sont du type 1SP12 avec une dissi- 
pation anodique maxima de 0.6kW et 
une sortie de puissance haute fréquence 
maxima de 2,5 kW, ainsi que des types 
16P12 et 16P13, tous deux d'une dissi- 
pation anodique maxima de 3kW et 
d’un sortie de puissance haute fréquence 
maxima de 7,5 kW. 


Grace a l’absence de scellements, le 
risque de fuites d'eau est considérable- 
ment réduit. Le tute complet est, dans 
chaque cas, plus compact que les types 
analogues a refroidissement conven- 
tionnel. La consommation d’eau_ est 
faible, c'est & dire d’environ 1 litre pour 
3kW de dissipation anodique. Un dis- 
positif breveté de protection contre la 
surdissipation est incorporé au tube. 


Les suffixes 12 et 13 dénotent le type 
de couplage d'eau prévu, le type 16P12 
étant, par exemple, connecté par sou- 
plisso, et le type 16P13 par joints. 


Le 15P12 comporte une grille en 
matériau nouveau non-émetteur. 
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Résumés des Principaux Articles 


Un calculateur analogique pour diagrammes de rayonnement d’antenne 


par H. Page, G. J. Phillips et J. A. S. Fox 


Un calculateur analogique a été construit pour calculer les diagrammes de rayonnement horizontal 
de réseaux d’antennes comprenant un certain nombre d’éléments rayonnants, montés sur un mat de 
support central. Il suffit de connaitre le diagramme de rayonnement d’un seul élément pour pouvoir 


calculer le diagramme d’un nombre d’éléments identiques autour du mat. 
éléments peuvent avoir n’importe quelle phase ou amplitude voulue. 
Le principe mis en oeuvre consiste a ajouter un certain nombre de tensions de basse fréquence, 


Résumé de I’ article 
aux pages 206 d 2/2 


Les courants dans les 


chaque composante représentant le rayonnement d’un élément vers une direction particuliére. Par 
l'utilisation d’un banc de commutateurs rotatifs, les sommations appropriées sont effectuées a tour 
de réle pour des relévements a des intervalles de 7,5° ou 15°, le résultat étant indiqué sur un appareil 
de mesure. Le calculateur peut étre adapté a d'autres types d’indicateur visuel. 


Un bloc de commande asservi tous courants a action rapide 


par B. A. Unvala et B. T. Denvir 


Le prototype de bloc asservi décrit dans cet article peut actionner un moteur asservi courant alternatif 


Résumé de I’ article 
aux poges 213 d 217 
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de 10W a partir d’une entrée a basse tension dans la gamme de fréquences allant du courant continu 
a 70Hz. Le circuit comprend un modulateur en anneau @ diode branché sur 400Hz, suivi d'un 
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amplificateur a courant alternatif comportant des réseaux déphaseurs et limiteurs. Le modulateur est 
a redresseurs au silicium et l’amplificateur, entiérement transistorisé, est exclusivement muni de 
transistors au silicium. Le circuit d’alimentation est également décrit dans cet article. 


Transmissions a grande distance 4 partir de guides d’ondes circulaires, par la modulation de fréquence par R. Hamer 


L’ auteur examine les possibilités d’effectuer des transmissions @ grande distance a partir de guides 
d’ondes circulaires (Onde H,,) au moyen de la modulation de fréquence, en présupposant une structure 
de guide d’onde particuliére et des imperfections aléatoires dans le guide d’ondes. Les limites 
fondamentales sont les suivantes : 

(a) atténuation accrue du mode H,, di a la transformation du mode en cas d’imperfections dans le 
guide d’ondes. 
(6) distorsion d’ intermodulation provoquée par la débit en paralléle et les signaux d’échos. 
Résumé de l'article (c) dispersion dans le guide d’ondes. 
aux pages 218 d 225 Cette analyse se rapporte en particulier aux transmissions téléphoniques muitivoies, vu que ces 
derniéres présentent la plus grande difficulté; le signal de modulation et simulé par bruit erratique. 

Les résultats de l’analyse sont appliqués a une voie hypothétique comprenant des sections jointes 
aléatoirement formées de tubes de cuivre de 5cm de diamétre revétus d'un enduit diélectrique. Le 
bruit d’ intermodulation qui en résulte dans une des voies téléphoniques d’un réseau a 2700 voies en 
est déduit pour une série de paramétres, a une fréquence porteuse de 35GHz. 

L’auteur en conclut que les susdites limites n’excluent pas l'utilisation de la modulation de fréquence 
dans les transmissions a grande distance par guide d’ondes circulaire. 


Le choix et la réalisation de convertisseurs de courant par J. S. Bell et P. G. Wright 


L’auteur traite de la réalisation des convertisseurs @ transformateur unique et @ deux trans- 
formateurs et compare leur comportement. Il indique des procédés d’étude, et décrit en détail, a 
titre d’exemples, deux réalisations pratiques. 


Résumé de I’ article 
aux pages 226 d 23! 


Convertisseur linéaire-logarithmique pour compteur linéaire par J. Turnbull et D. N. Walder 


Les auteurs décrivent un convertisseur qui, lorsqu’il est alimenté par un étage a echelle de 2, capable 
d’engendrer des ondes carrées a direction négative (30V d’amplitude), peut donner une sortie 
approximativement logarithmique dans deux décades. Par commutation, on peut obtenir une 
déviation sur la totalité de l’échelle du compteur de sortie dans une gamme de comptage de 10 4 1000 
ou de 100 a 1000 impulsions par seconde. Des sorties d’enregistrement existent pour 5mA ou 100mV. 


Résumé de I’ article 
aux pages 238 d 239 


Une commande précise de fréquences pour convertisseur rotatif par M. J. Tucker 


Le navire royal de recherches “‘DISCOVERY II” a été doté d’une alimentation de 50Hz dont la 
précision de fréquence peut étre d’environ I partie dans 105 en bloquant la phase d’un petit convertisseur 
rotatif sur celle d'un signal de référence de 50Hz provenant d’un oscillateur piloté par quartz. 


Résumé de I’ article 
aux pages 240 d 24] 


Une nouvelle commande de niveau de courant continu pour systémes d’adaptation par R. A. Johnson et J. D. Hill 


Le nouveau circuit électronique qui fait l'objet de cet article, maintient sensiblement constante 
la chute de tension dans une charge, tout en permettant de varier le niveau de courant continu de la 
Résumé de I’ article charge dans une gamme étendue. Ce circuit n’exige que des composants électroniques a tolérance 
aux pages 242 @ 244 ordinaire et atteint un haut niveau de précision grace a un dispositif de compensation d’ erreurs. 
Le modeéle de réalisation qui est présenté autorise le passage d'une charge de 20 k Q @ travers 
200V, tout en maintenant la tension de 200 volts constante a +- 0,2% pres. 
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Beschreibung neuer Bauelemente, Zubehérteile und Priifgerite auf Grund der von Herstellern 


DIGITALVOLTMETER 


Sotartron Laboratory Instruments Lid, Cox Lane, 
Chessington, Surrey 


(Abbildung Seite 252) 

Im Digitalvoltmeter Type 992.2 wer- 
den Gleichspannungen von 100 4V bis 
zu 1,509 kV vierziffrig in Dezimalform 
mit Polaritétsunterscheidung angezeigt. 
Die Anzeige erfolgt durch optische Pro- 
jektion und ist frei von der Mehrdeutig- 
keit, mit der einige der Digitalan- 
zeigesysteme behaftet sind. Roter bzw. 
schwarzer Hintergrund zeigt positive 
bzw. negative Einginge an. 

Die Spannungsmessungen erfolgen in 
finf Bereichen. Der Eingangswiderstand 
ist 100 M®& fiir die drei héchsten Bereiche 
und | M® bzw. 100 k& fiir die zwei nie- 
drigeren. Die Dauergenauigkeit ist 
+0,1% der Hdéchstanzeige fiir jeden 
Bereich. Zwei Zusitzliche Spannungs- 
bereiche fiir 100 V und | kV _ haben 
100 M{& Eingangswiderstand und +0,5% 
Messgenauigkeit. 

Die Einstellzeit ist mit 280 ms kon- 
stant und unabhdingig von angelegten 
Spannungen, die bis zu 700 V _ erdfrei 
sein kénnen. 

Eine “Kontroll”-Stellung am Bereich- 
schalter ermiéglicht Nullstellung und 
Nacheichung. Die interne Zener- 
Bezugsspannung kann auf ihren genauen 
Wert eingestellt und wenn ndétig nach 
Vergleich mit der eingebauten Weston 
Normalzelle nachgestellt werden. 

Bei normalem (automatischem) Betrieb 
werden die Spannungen laufend 
gemessen, und jede Schwankung verur- 
sacht eine Anzeigeinderung. Um den 
Anwendungsbereich so _ vielseitig wie 
méglich zu machen, wurde im LM 992.2 
eine einstellbare “tote Zone” vorgese- 
hen, die innerhalb gewisser Grenzen das 
Gerait gegen geringe Spannungsschwan- 
kungen unempfindlich machen kann. 
Dadurch kénnen selbst bei Vorhanden- 
sein von Einschwingvorgingen itter- 
freie Ablesungen vorgenommen werden. 
Die vorhandene Netzrestwelligkeit der 
zu messenden Spannung kann daher 
durch Einschaltung einer kurzen oder 
langen Zeitkonstanten in den Eingangs- 
kre’s gedimoft oder gesperrt werden. 

Durch Umschaltung auf “Sampling” 
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gemachten Angaben. 


wird bei Driicken eines Knopfes auf der 
Frontplatte oder Fernsteuerung§ eine 
Einzelablesung der Spannung vorgenom- 
men. Diese Anzeige bleibt stehen, bis 
die nachste Probenahme erfolgt. 

Der SOpoligen Ausgangstuchse auf 
der Riickseite kénnen Digitaldaten in 
Dezimalverschliisselung, Polaritéts- und 
Druckbefehlssignale zur Speisung eines 
Venner-Druckwerkes TSA 65 und 
zusatzlicher Anzeigegerite entnommen 
werden. 


EE 32 751 fiir weitere Einzelheiten 


DRAHTPOTENTIOMETER 


Painton & Co. Ltd. Benbridge Drive, 
Kingsthorpe, Northampton 


(A bbildung Seite 252) 

Das neuste Bourns “Trimpot”-Modell 
Nr. 224 wird von der Painton & Co. 
Ltd. in den Werken in Northampton 
hergestellt. 

Das 31,75 mm lange Drahtpotentio- 
meter hat eine Betriebstemperatur von 
175°C und ist gegen Feuchtigkeit, 
Fliissigkeiten und Ausgiessharz isoliert. 

Eine 22gingige. selbstsichernde 
Schraubenziehereinstellung hat aus- 
gezeichnete Stoss-, Erschiitterungs- und 
Beschleunigungsfestigkeit: das prazisions- 
gewickelte Element gewihrleistet hohe 
Betriebssicherheit. Bei 70°C ist die Ver- 
lustleistung 1 W und bei 125°C 0,5 W. 
Widerstandswerte bis zu 100 k2 kén- 
nen geliefert werden. 

Drei Anschlussausfiihrungen sind 
vorgesehen: isolierte Drahtenden. Létfah- 
nen und Stifte fiir gedruckte Schaltun- 
gen. 

EE 32 752 fiir weitere Einzelheiten 
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MINIATUR-TRANSISTORVER- 
STARKER 
Amplivox Ltd, Beresford Avenue, Wembley, 
Middlesex 


(Abbildung Seite 252) 

Amplivox stellt eine Reihe kleiner 
NF-Verstérker unter Benutzung einer 
Miniatur-Technologie her, die Mikro- 
Schaltungs-Abmessungen-_ erzielt. _Bei 
Verwendung herkémmlicher Verdrah- 
tungsmethoden werden  Bauelement- 
dichten von mehreren hundert pro 
Kubikzoll erreicht. 

Mit dem abgebildeten grésseren Ver- 
stirker kann in einer Kohlemikro- 
fonschaltung fiir bessere Sprachdeutlich- 
keit und hdheren Rauschabstand ein 
magnetisches Miniaturmikrofon benutzt 
werden. Der Verstarker ist in den ver- 
schiedensten Ausfiihrungen lieferbar und 
entspricht in seiner hermetisch gekap- 
selten Form den Klima-Priifvorschriften 
des Ministeriums. 

Das Subminiaturgerat ist ein mit drei 
Transistoren testiickter Verstérker auf 
einer 12,7 X 5 mm Leiterplatte und hat 
eine Bauelementdichte von  ungefahr 
20/cm*®. Die durch Gegenkopplung 
stabilisierte Verstarkung ist 76 dB und 
die Ausgangsleistung ungefahr | mW in 
6002. 

EE 32 753 fiir weitere Einzelheiten 


WANDERFELD-ROHREN FUR 6 GHz 


General Electric Co. Ltd, Magnet House, 
Kingsway, London, W.C.2 


M-O Valve Co. Ltd, eine Tochter- 
gesellschaft der G.E.C., hat die Herstel- 
lung einer neuen Type in der Serie der 
Wanderfeld-Réhren mit Wechselfeld- 
fokussierung aufgenommen. 

Es handelt sich um die G.E.C. TWCS, 
eine Wanderfeld-Réhre, die als Le‘stungs- 
verstérker im 5925...6425 MHz Band 
15 W abgeben kann. 

Die G.E.C. TWCS wurde besonders 
fiir das Mehrkanal-Fernmeldesystem ent- 
wickelt, das in diesem Tragerfrequenz- 
bereich betrieben wird; die zulassige 
Bandbreiteniiberstreichung kann jedoch 
wesentlich grésser sein. 
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Ein Hauptmerkmal, das gegeniiber 
vergleichbaren Rohrentypen einen 
wesentlichen Vorteil zeigt, ist die Leich- 
tigkeit, mit der der magnetische Wech- 
selfeldkreis ausgewechselt werden kann. 
Durch straffe Fertigungskontrolle der 
Bauelemente aus Metall und Glas und 
sorgfaltig ausgearbeitete Pumppline 
verspricht die Réhre lange Lebensdauer 
und hohe Betriebssicherheit. Sie wird 
daher den schirfsten Anspriichen des 
Fernmeldesystems geniigen. 
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HOCHVAKUUM-DREHKONDEN- 
SATOREN 


English Electric Valve Co. Ltd, Waterhouse Lane, 
Cheimsford, Essex 


(A bbildung Seite 253) 

Die English Electric Valve Co. Ltd 
hat Hochvakuum-Drehkondensatoren 
angekiindigt, die wahrscheinlich die 
ersten in Grossbritann‘en handelsmassig 
lieferbaren sind. Das Programm besteht 
aus 5 Typen, von denen drei Kapazi- 
téten von 5...30, 8...50 und 16.:.80 pF 
und zwei Kapazititen von 5,5...206 pF 
haben. Fiir die ersten drei ist die HF- 
Spitzenspannung 15 kV und fir die 
anderen beiden 8 bzw. 10 kV. 

Durch Verwendung des Hochvakuums 
als Dielektrikum kann der Plattenabstand 
bei vergleichbaren Nennwerten auf ein 
Zehntel des Abstandes mit Luftdielek- 
trikum herabgesetzt werden und ergibt 
somit einen dusserst kompakten Aufbau. 
Trotzdem kompakte Konstruktion selbst 
besonders fiir Flug- und Militarzwecke 
schon ein grosser Vorzug ist, sind die 
dadurch hervorgerufenen Vorteile gerin- 
ger Streukapazitét und -induktivitat des 
Vakuumkondensators von weiterer 
grosser Bedeutung fiir Konstrukteure von 
HF-Schaltungen fiir Runfunk-, Verkehrs- 
und Industriegeriate. 

Konstruktionsmiassig wird das Prinzip 
des bekannten Hochvakuum-Festkon- 
densators weiterverfolgt, in dem das 
Kondensatorelement aus sich  iiber- 
deckenden  konzentrischen Zylindern 
besteht. Der Drehkondensator benutzt 
jedoch einen Metallbalg. der einen Teil 
des Vakuumegefisses bildet, um _ eine 
axiale Bewegung zur Anderung der 
Uberdeckung auf einen Zylindersatz zu 
tibertragen. Die Bearbeitung und der 
Zusammenbau des Metallbalges spielt in 
der Herstellung der Kondensatoren eine 
wesentliche Rolle. Durch die Konstruk- 
tion selbst wird eine lineare Kapazitits- 
kennlinie bis auf die Mindestkapazitat 
gewiahrleistet, fiir die Randeffekte zu 
einer kleinen Abweichung fiihren. Der 
grésste Kondensator hat Abmessungen 
von nur 241 x 89 mm. und alle Kon- 
densatoren erfiillen die Forderungen der 
Norm RCSI!1. 
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FEUCHTIGKETITSMESSER 
Kappa Electronics, 159 Hammersmith Road, 
London, W.6 


, 


(Abbildung Seite 253) 
Der Kappa Feuchtigkeitsmesser Type 
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AB/55 ist fiir schnelle und genaue Ermitt- 
lung des Feuchtigkeitsgehaltes ciner 
grossen Anzahl von Materialien  be- 
stimmt. 

Das Gerit ist frequenzempfindlich und 
misst die Dielektrizitiétskonstante des 
Inhaltes einer auswechselbaren Priifzelle 
in willkiirlich festgelegten Einheiten. Die 
Dielektrizititskonstante hingt von den 
physikalischen Eigenschaften und dem 
Feuchtigkeitsgehalt des Materials ab. 
Eine durch Schwankung des Feuchtig- 
keitsgehalts hervorgerufene Frequenzin- 
derung wird in einer Uberlagerungsschal- 
tung genau nachgewiesen und auf einer 
kontinuierlichen Skala angezeigt, die tiir 
1000 klar getrennte Teilstriche geeicht ist. 

Die Priiffrequenz des Gerites ist so 
gewahlit, dass die Anzeige nicht durch die 
Leitfahigkeit beeinflusst wird; Priifzellen 
verschiedener Grésse stehen zur Ver- 
fiigung, um zu gewihrleisten, dass das 
Muster wirklich der Gesamtmenge des 
Materials entspricht. 

Fir iibliche Materialien leidlich kon- 
stanter Zusammensetzung und Struktur 
kann eine Genauigkeit erwartet werden, 
die fiir den Feuchtigkeitsbereich 0...20% 
zwischen 0,05 und 0,4, den Bereich 
20...30% zwischen 0,2 und 0,5, den 
Bereich 30...40% zwischen 0.3 und 0,7 
und den Bereich iiber 40% zwischen 0,5 
und 1,0 liegt. 
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KLEINSTPOTENTIOMETER 
Industrial Estate, 
Essex 


Egen Electric Ltd, Charfleet 
Canvey Island, 


(Abbildung Seite 253) 

Dieses neue Baumuster im Egen- 
Potentiometerprogramm wurde beson- 
ders fiir Transistor-Schaltungen  ent- 
wickelt und hat viele Konstruktionsmerk- 
male, die fiir das Gebiet der Miniaturi- 
sierung interessant sind. Sie sind robust 
konstruiert mit Spritzgusskérper von nur 
12,7 mm Durchmesser, Einlochbefesti- 
gung und ziher Isolierstoffachse von 4.8 
mm Durchmesser und in den bevorzug- 
ten Widerstandswerten zwischen 1 k2 
und 3 M2 mit linearer oder logarith- 
mischer Regelkurve lieferbar. Anfanglich 
werden zwei Ausfiihrungen hergestellt: 
Type 363 ohne Schalter und Type 365 mit 
zweipoligem Kippschalter. Beide Ausfiih- 
rungen haben Létfahnenanschliisse. 
Weitere Ausfiihrungen fiir gedruckte 
Schaltungen sind fiir Produktion in 
Kiirze vorgeplant. 
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UBERTRAGUNGSSYSTEM FOUR 
DIGITALE DATEN 

Ericsson Telephones Ltd, Beeston, Nottingham 
(Abbildung Seite 253) 

Die Einfiihrung zentralisierter Rech- 
neranlagen _ erforderte Bereitstellung 
geeigneter Dateniibertragungssysteme von 
getrennten und weit verteilten Punkten 
und dem Rechnerzentrum. Fernsprech- 
und Fernschreiberleitungen bestanden 
zwar in vielen Falien, waren aber tir 
den grossen Verkehrsumfang unzuling- 
lich. 


Das Ubertragungssystem fiir digitale 
Daten benutzt elektronische Mittel, 
durch die binire Daten mit Geschwindig- 
keiten bis zu 500 Baud tiber Trager wie 
z.B. das normale Fernsprechnetz oder 
Privatleitungen iibertragen werden k6n- 
nen. 

Die Gerite an der Sendeseite bestehen 
aus einer Eingabevorrichtung wie 2z.B 
ein Magnetband- oder Lochstreifenleser 
und einem FM-Sender. Ein fehlerberich- 
tigender Schliissler ist eingebaut, um 
Fehler zu eliminieren, die durch in den 
meisten Fernsprechsystemen auftretende 
vereinzelte Stérstésse entstehen. Die 
Anlage der Empfangsseite besteht aus 
einem Verstirker und Detektor nit 
nachgeschaltetem fehlerberichtigenden 
Entschliissler. Sowohl Sender wie auch 
Empfinger sind fiir Finferlochstreifen 
ausgelegt, jedoch kénnen sie auf Wunsch 
durch einfache Abwandiung dem 6-, 7- 
oder 8-Loch-Code oder anderen Tragero 
angepasst werden. Das empfangene und 
entschliisselte Signal kann in Serien- oder 
Parallelform ausgegeben werden und 
liber geeignete Pufferspeicher Loch- 
stanzen, Magnetbandgerite oder Druck- 
werke speisen. An der Sendeseite kénnen 
Einrichtungen vorgesehen werden, die 
anzeigen, ob die Anlage fehlerfrei arbeitet 
und betriebsfertig ist. An der Empfangs- 
seite kann eine Einrichtung die Verbin- 
dung naeh Beendigung der Ubertragung 
automatisch freigeben. 

Sowohl Sender wie Empfanger sind 
volitransistorisiert und aus hochwertigen 
Bauelementen konstruiert. Daher ist das 
System betriebssicher und wirtschaftlich 
in Betriebskosten. 

Sender und Empfanger kénnen ent- 
weder fiir Montage in 19 Zoll-Gestellen 
oder in Gehdusen geliefert werden. 
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IMPULS-SCHNELLSCHALTER 


Lancashire Dynamo Electronic Products Led, 
Rugely, Staffordshire 


(Abbildung Seite 253) 

Dieses neue elektromechanische 
Schaltgerit wurde entwickelt, um von 
eine: umlaufenden Welle mittels nocken- 
gesteverter Hochleistungsschalter elek- 
trische Kreise schalten zu kénnen. 

Das Gehduse aus gegossenem Leicht- 
metall ist spritzerfest und kann mittels 
eines Fusses oder Flansches anmontiert 
werden, die beide am Gehduse ange- 
gossen sind. Der Schalter wird durch 
eine 3” (9.5 mm) Eingangswelle getrie- 
ben, die an den beiden Gehduseenden in 
abgedichteten Lagern lauft. Zwei Hoch- 
leistungs-Blattfederkontaktsdtze sind vor- 
gesehen. Die Arbeitsweise hangt von der 
Nockenform ab. 

Der Drehschalter ist in erster Linte 
fiir Einsatz mit dem elektromagnetischen 
Schnelizihler Baumuster F43 bestimmt, 
ist aber auch mit einer anderen Nocken- 
form als Grenzschalter fiir umlaufende 
Ventilschieber und Ahnliche Zwecke 
geeignet. 
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MOTORGETRIEBENER FERNSEH- 
KANALSCHALTER 
The Plesey Co. Reg, Siampe Lanse, ford, 


(Abbildung Seite 254) 

Die Plessey Company hat einen neven, 
motorgetriebenen Kanalschalter fiir alle 
Fernseh- und FM-Kaniile herausge- 
bracht. Das neue Bauelement Typ 
PLI4M erleichtert die Anwendung von 
Fernsteuerung und Drucktastentechnik 
fir WHeimempfainger. Die Drucktasten 
schalten nur elektrische Kreise und sind 
nicht mechanisch belastet. 

Der HF-Oszillatorteil ist mit den 
neuesten Spanngitterréhren bestiickt und 
hat hohe Verstirkung, geringes Rau- 
schen und geringe Drift. 

Eine neuartige Kontaktkonstruktion 
im Kanalschalter gibt genaue Wiederein- 
stellung mit geringster Frequenzdrift. Fur 
Sonderzwecke kann jedoch auf Wunsch 
eine Scharfabstimmung vorgesehen wer- 
den. 

Zur Vermeidung von Stérungen wird 
der Induktionsmotor im besonders ent- 
wickelten Antriebsteil aus dem Netz 
gespeist. Genaue Wiedereinstellung durch 
Seltstrasten des Kanalschalters und auto- 
matische Unterbrechung, um Durchrut- 
schen nach Abschalten des Motors zu 
vermeiden, werden durch eine Sonder- 
kupplung erreicht. 

Der motorisierte Kanalwahler kann in 
jeder Position im Empfanger eingebaut 
werden, da diese nicht durch externe 
Bedienungsknépfe bestimmt wird. 

Der Schalter wird in 7 Sekunden durch 
360° gedreht. 
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TRANSISTOR-ANALYSATOR 
Microcell Electronics Lid, Blackwater, 
Camberley, Surrey 
(Abbildung Seite 254) 


Dieses Gerit ist zur sehr genauen 
Parametermessung von pnp und npn 
Transistoren ausgelegt, und verschiedene 
eingebaute Messanordnungen sind beson- 
ders wertvoll fiir Schaltungsingenieure, 
die genauere Information iiber einzelne 
Transistoren brauchen, die von Herstel- 
lern normalerweise nicht erhiltlich ist. Es 
ist auch besonders zum Aussuchen von 
Transistor-Pirchen geeignet. 

Folgende Parameter kénnen gemessen 
werden: Verstirkungsfaktor 8, Grenz- 
frequenz f’.., Kollektorsperrstrom I’,, 
und Kollektordurchschlagsspannung V,; 
von Transistoren in Emitter-Schaltung 
sowie I’... und V;, von Dioden. 

Konstruktionsmerkmale des 
umfassen Verwendung einer Deferen- 
tialeingangsschaltung, eines Breitband- 
voltmeters fiir die 8-Anzeige und eines 
Breitbandoszillators als Signalquelle. Die 
Réhrenvoltmeter-Anzeige hebt wirksam 
die Fehler auf, die durch Nebenspannun- 
gen in den Verhiltnisnetzwerken ent- 
stehen. Der Frequenzgang dieses Réhren- 
voltmeters liegt innerhalb +1,5 dB iiber 
den Bereich von 1 kHz...10 MHz. Der 
Wienbriicken-Oszillator iiberstreicht den 
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Bereich von 1 kHz...10 MHz und hat 
eine Amplitude, die innerhalb +1,5 dB 
konstant gehalten wird. Die Stromver- 
sorgung fiir den Kollektor sowie fiir den 
Oszillator und das Réhrenvoltmeter ist 
volistabilisiert. 

Koliektorspannung und -strom werden 
mit Profii-Messgeriten itiberwacht, die 
so tibereinander angeordnet sind, dass 
sie beide gleichzeitig beobachtet werden 
kénnen. Sie haben ausreichenden Uber- 
lastungsschutz; der Basisstrom kann 
durch ein eingestépseltes externes Mess- 
gerat gemessen werden. 

Mit externen Zusatzelementen kénnen 
die h-Parameter usw. von Transistoren 
gemessen werden. 
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TRANSISTOR-TESTER 
Grandy & Partners Ltd, 3 The Causeway, 
Teddington, Middlesex 


(Abbildung Seite 254) 

Der Tester ist fiir Einsatz zusammen 
mit beliebigen Mehrbereich-Messgeriten 
konstruiert, die ein 1 mA- oder besseres 
Messwerk und vorzugsweise einen einge- 
bauten Uberlastungsschutz haben. Mittels 
der Befestigungsklemmen kann das 
Gerat direkt an ein Universal-Avo-Meter 
angebaut werden. 

In die Transistor-Messungen einbe- 
griffen sind die Kollektorreststréme mit 
Basis offen (1..) und mit Emitter offen 
([-o) bei 4,5 V Spannung. 

Dioden werden in der Durchlassrich- 
tung mit einem vom Durchlasswider- 
stand abhingigen Strom von bis zu 10 
mA und der Sperrstrom bei 9 V Span- 
nung gepriift. 

An Transistoren mit Verlustleistung 
bis zu 800 mW kann eine brauchbare 
Messung des Stromverstarkungsfaktors 8 
durchgefiihrt werden, und auch fiir 
héhere Verlustleistungen ist die Anzeige 
annehmbar. 

Fiinf umschaltbare  Basiseingangs- 
stréme von 5, 10, 50, 100 und 500 “A 
stehen zur Verfiigung. Die Kollektor- 
spannung liegt mit 4,5 V fest. 

Mit Hilfe der vorgesehenen zwei 
Klemmensatze ist es méglich, zwei ahn- 
liche Transistoren oder Dioden in der 
geringsten Zeitspanne unter genau den- 
selben Bedingungen zu vergleichen oder 
zu paaren. 

Die eingebaute Batterie kann unter 
Belastung gepriift werden, wodurch 
durch Batterieausfall entstehende Fehler 
vermieden werden. 
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FREISTEHENDE ZWERGLOTFAHNE 


Sealectro Corporation, Hersham Factory Estate, 
Lyon Road, Walton-on-Thames, Surrey 


(Abbildung Seite 254) 
Diese freistehende Zwerglétfahne hat 
einen Knopfzapfen mit Teflon-K6rper 
fiir Eindriickmontage. Die Gesamtlinge 
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des Bauelementes ist 7,5 mm; die Lét- 
fahne ist 4 mm lang. Der durch das 
Chassis gehende Teflon-Kérper hat 
einen Durchmesser von 3,8 mm und der 
Bund fiir Chassisauflage einen von 4,25 
mm. Die Létfahne besteht aus Messing. 
Lieferbar in allen Standardfarben fir 
Schaltungskennzeichnung. 
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DREHWAHLER 


Thorn Electrical Industries Ltd, Thorn House, 
Upper St. Martins Lane, London, W.C.2 


(Abbildung Seite 255) 

Dieser “Drei-in-Einem”-Drehwahler ist 
eine Kombination aus (1) einem 
Schneidenankerrelais, das Kontaktfedern 
betatigt, und einem iiber eine Ratschen- 
schaltung getriebenen Schaltwerk, (2) 
einem Drehschalter mit Schaltklinkenge- 
triebe, der aus vier Kontaktbahnen mit 
je 12 Ausgaingen und gegabelten Feder- 
schleifern besteht sowie (3) einem schalt- 
klinkengetriebenen Folgeschaltrelais mit 
zwei Nocken, die Doppelkontaktsdtze 
der Nockenkonstruktion entsprechend 
éffnen und schliessen. 

Die Drehwahlerausginge sind kreis- 
férmig angeordnet und zwar in vier 
Kontaktbahnen mit je 12 Ausgangen. 
Jede Kontaktbahn besteht aus einem 
Quadranten des Kreises und hat einen 
Sammelkontakt, der bei Betadtigung des 
Wahlers durch den Schleifer der Reihe 
nach mit jedem der 12 isolierten Aus- 
ginge verbunden wird. Die vier gegabel- 
ten Federschleifer sind aus Phosphor- 
bronze hergestellt, und die Schleiferkon- 
takte sind elektrisch voneinander isoliert. 
Die Ausginge der Drehschalter-Kontakt- 
bahn kénnen bei ohmschem Abschluss 
und 50 V Gleichspannung im Dauerzu- 
stand mit 0.5 A und bei unterbrochenem 
Betrieb mit 0,1 A belastet werden. 

Das klinkengetriebene Schaltwerk hat 
zwei kreisférmige Nocken, die auf einer 
gemeinsamen Welle, die die Drehwahler- 
schleifer betatigt, Platz finden. Entspre- 
chend der vorbestimmten Nockenform 
kann jede der Nocken bis zu fiinf Kon- 
taktfedern betitigen. 

Ausserdem sind noch zwei Kontakt- 
sitze vorgesehen, die bis zu je vier 
Kontaktfedern haben kénnen und bei 
jedem Schritt des Drehwahlers gedffnet 
und geschlossen werden. Alle Kontakt- 
federn sind als lange Blattfedern mit 
Versteifung ausgebildet, um _ lange 
Lebensdauer und fehlerfreien Betrieb zu 
gewahrleisten. 

Spulengleichspannungen sind 12, 24, 
48 und 110 V. Zwei Standardspulentypen 
sind lieferbar: (1) eine schnelle, niederoh- 
mige Spule, die den Drehwahler bei 4 W 
Leistungsbedarf mit bis zu 40 Schritten 
pro Sekunde betreiben kann, und (2) 
eine empfindlichere, langsamere Spule, 
die den Drehwahler mit bis zu 20 
Schritten pro Sekunde bei 2 W Lei- 
stungsbedarf schalten kann. 
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STABILISIERTES NETZGERAT 
W. G. Pye & Co. Ltd., P.O. Box 60, Cambridge 
(Abbildung Seite 255) 


Mehrzweck-Netzgerat fiir 
Labors hat vier Hauptausginge: eine 
stabilisierte Hochspannungsquelle, die 
bei einer Héchstbelastung von 250 mA 
stufenlos von —10...+500 V regelbar ist; 
eine stabilisierte 250 V Vorspannung und 
zwei 6,3 V 5 A Heizspannungen mit 
Mittelabgriff. Da alle diese Stromversor- 
gungen erdfrei sind, kann eine beliebige 
oder jede der Klemmen geerdet und, 
soweit es sich um Wechselspannungen 
handelt, hintereinander oder parallel 
geschaltet werden. Spannungsregelung 
des 500 V—Ausgangs erfolgt durch einen 
Drehschalter mit 4 Positionen in Kom- 
bination mit einem Potentiometer; der 
Schalter wahlt den Ausgangsspannungs- 
bereich in Stufen von 125 V, und das 
Potentiometer gibt stufenlose Einstellung 
innerhalb des Bereiches mit ungefahr 
10 V Uberlappen an jeder Seite. Am un- 
teren Ende des 125 V—Bereiches kann 
die Einregelung durch den Nullpunkt 
und bis zu 10 V negativ gehen. 

Mit einem eingebauten Messgerat kann 
entweder die Spannung oder der Strom 
der Hochspannungsquelle abgelesen wer- 
den. Der Vollausschlag des Instrumentes 
wird entsprechend dem benutzten Aus- 
gangsspannungsbereich automatisch auf 
250 V oder 500 V umgestellt. 

Fiir Stromanzeigen kénnen wahlweise 
Empfindlichkeiten von 250 oder 50 mA 
benutzt werden. 

Die Instrumentskala ist fiir alle 
Bereiche geeicht. Die Restwelligkeit der 
Hochspannungsquelle ist geringer als 
3 mV und die Konstanthaltung tesser als 
0.1% Anderung der Ausgangsspannung 
fiir 10% Schwankung der Eingangsspan- 
nung. Der Innenwiderstand der Quelle 
von Gleichstrom bis 50 kHz ist 0,752, 
Die Vorspannung liegt mit 250 V fest 
und erlaubt bis zu 30 mA Stroment- 
nahme. Durch ein an die Klemmen 
geschaltetes Potentiometer kann jedoch 
eine einstellbare Vorspannung abge- 
griffen werden. 

Unter den weiteren Konstruktions- 
merkmalen ist noch vollstandiger Schutz 
gegen Uberlastung und Kurzschluss zu 
erwahnen. 
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MONITOR FUR KERNTECHNISCHE 
»HEISSE PUNKTE* 
Avo Ltd, Avocet House, 92-96 Vauxhall Bridge 
Road, London, S8.W.1 
(Abbildung Seite 255) 


Das Geriit wurde zur Messung “heisser 
Gammastrahlungspunkte” im _ Bereich 
von 0,05...100 r/h entwickelt und ist zur 
Feststellung heisser Punkte in drtlichem 
radioaktiven Material bestimmt, das 
wahrend der Aufbereitung nieder- 
geschlagen wurde. 

Die lonisationskammer kann auf eine 
beliebige Kombination von drei Verlain- 
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gerungsstangen mit Schlossverbindung 
und einer flexiblen Verbindung montiert 
werden, so dass die Ionisationskammer 
bis zu 4 Meter vom Bedienungspersonal 
entfernt ist. 

Die Ionisationskammer hat ein Volu- 
men von 160 cm*® und besteht aus einem 
Aluminiumkffig, der eine 0,0001 mm 
starke “Melinex”-Folie trigt. 

Mittels einer in die Kammer einge- 
bauten Strontium 90—Quelle und zweier 
Schalter am  Anzeigegerat kénnen 
wahrend Benutzung in Getieten inten- 
siver Strahlung Tests ausgefiihrt werden. 


EE 32 766 fiir weitere Einzelheiten 


SPEKTROMETER 
Fenlow Electronics Ltd, ©. ea Lane, 
Weybridge, 
(A bbildung ae 255) 

Das Gerait wurde fiir die Analyse auf- 
gezeichneter Wellenformen der im Ma- 
schinenbau auftretenden Schwingungen, 
Beanspruchungen usw. entwickelt. Der 
iiberstrichene Frequenzbereich liegt 
zwischen 0,3...1050 Hz. Das Geriit ist 
tragbar, komplett und wird vom 200... 
240 V Netz gespeist. Die Aufgabe des 
Spektrometers ist Nachweis und Messung 
der in der Aufzeichnung verborgenen 
periodischen Vorginge. 

Das Gerit hat ein eingebautes Messin- 
strument, das die Leistung der regellosen 
Wellenformen im Durchlassband anzeigt, 
fiir das es eingestellt ist. Das Signal 
kann hinter dem Filter fiir Aufzeich- 
nungszwecke abgegriffen werden. 

Fiinf vorgesehene  Filter-Durchlass- 
breiten geben Bandtreiten zwischen 0,06 
und 37,5 Hz. Die fiir die benutzte Band- 
breite zur Verfiigung stehenden Auflade- 
zeiten liegen zwischen 1,5 und 150 s. 

Das Gerit hat verschiedene neue 
Eigenschaften und gibt eine niitzliche 
und genaue Analyse der Eingangsdaten. 
Es ist eher ein Gerit konstanter Band- 
breite als konstanten Q’s und benutzt ein 
Uberlagerungssystem mit Ausgangs-Tief- 
passfiltern und zwei Quadratur-Kanilen, 
um Mehrdeutigkeit durch Phasensyn- 
chronisierung fast periodischer Einginge 
zu vermeiden. Genaue Thermoelemente 
mit quadratischer Charakteristik werden 
fiir die Leistungsmessung benutzt und 
speisen eine Aufladungsvorrichtung mit 
regelbaren Aufladezeciten. 

Die Bedienungsknépfe und das Aus- 
gangsmessgerit sind zusammen mit 
Eingangs- und Ausgangsklemmen auf der 
geneigten Frontplatte angeordnet. Nach 
Entfernung eines Geritedeckels werden 
Monitorklemmen zugidnglich; da das 
Spektrometer sieben Operationsverstarker 
enthdlt, wird es auf diese Weise méglich, 
dieselben fiir andere Zwecke zu benut- 
zen, wenn sie nicht fiir die Analyse 
benétigt werden. Sie kénnen z.B. zur 
Nachbildung der Gleichungen mechani- 
scher Systeme eingesetzt werden. 


EE 32 767 fiir weitere Einzelheiten 
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EINSTECK-RELAIS 
2 Irongate Whart 
London W.2 


The Keyswitch Company, 
Road, Praed Street, 


(Abbildung Seite 256) 


Das Einsteck-Relais P-32 Typ 3000 
kann mit jedem Relais Typ 3000 nach 
Normen der Britischen Postbehirde 
geliefert werden, d.i. mit 2 bis 18 Kon- 
taktfedern (1 Ruhe- und bis zu 6 
Umschaltkontakte). 

Kontakte kénnen aus 2 X Silber (300 
mA), 2 X Palladium oder 2 x Pilatin 
(1 A), Hochleistungsfeinsilber (2 A), 
Silber-Kadmiumoxyd oder  Hartsilber 
(8 A) bestehen. 

Stecker und Buchsen sind fiir 250 V 
Gleich- oder Wechselspannung ausgelegt. 
Kontakt zwischen Stift und Buchse ist 
zwangsliufig. Eine Feder halt das Relais 
in jeder Lage fest. 

Das Relais wird mit durchsichtiger 
Haube oder Metallkappe und Buchse 
geliefert. 
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SPERRELAIS 


Electrical Remote Control Co. _— nee 
Works, Bush Fair, Harlow, 


(Abbildung Seite pray 

Die Bestiickung des Sperrelais Type 
UNIV/LA besteht aus max. acht Kon- 
taktsdtzen fiir Arbeits-, Ruhe-, Umschalt- 
kontakte oder gemischte Anordnungen. 
Nach Anlegung eines kurzen Impulses 
an die Spule halt eine einfache Verriege- 
lungsvorrichtung das Relais in der 
erregten Position. Nach Betdtigung cines 
angebauten Hebels werden die Kontakte 
ausgelést und gehen in die Ausgangsstel- 
lung zuriick, bis ein weiterer Impuls 
durch die Spule geht. 

Das abgebildete Sperrelais UNIV/LA/ 
S ist dem Modell mit Handriickstellung 
ahnlich, kann aber durch elektrische 
Impulse sowohl verriegelt als auch 
ausgelést werden. Es ist mit einer 
stabilen Platte ausgeriistet, die auch als 
Befestigungsplatte dienen kann. Auf 
dieser Platte ist eine kleine Magnetspule 
aufgebaut, die bei Erregung die Verriege- 
lung auslést. 

Spulen sind fiir Wechselspannungen 
bis zu 440 V oder Gleichspannungen bis 
zu 230 V lieferbar. Die Kontakte sind 
fir 6 A 230 V oder 2 A 440 V Wech- 
selstrom oder 1 A 240 V Gleichstrom 
ausgelegt. 
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ULTRASCHALL-DICKEN MESSER 


Vertrieh: Aveley Ltd, Ayron Road, 
Ockendon, Essex 


Electric 
Aveley Industrial Estate, South 
(Abbildung Seite 256) 


Das Kretz Ultraschall-Dickenmess- 
gerit 6000 hat einen eingebauten hoch- 
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stabilen Breitbandverstarker fiir 3...20 
MHz und wurde besonders dahingehend 
entwickelt, auch genaue Messung von 
Ausdehnung und Zusammenziechung zu 
erméglichen; eine neue Trigger-Schal- 
tung gibt eine Warnung, wenn cine 
vorgegebene Messgrenze erreicht wird. 

Genaue Dickenmessungen werden 
durch Oberbriickung mehrerer Impulse 
mit einem beweglichen Sockel erreicht, 
dessen Vorderkante so verschoben wer- 
den kann, dass er die erste Schwingung 
jedes reflektierten impulses abteilt. Je 
grésser die Anzahl der fiir die Messung 
benutzten Echoimpulse ist, desto besser 
wird die Unterscheidung. Die vertikale 
Ablenkcharakteristik der Spur ist besser 
als 0,05 us, so dass eine Echozeitunter- 
scheidung von 0,0125 us erzielt wird. 

Fir Rissepriifung liegt der wirksame 
Tiefenbereich zwischen 1 und 70 cm, 
und die obere Grenze fiir Dickenmessun- 
gen liegt bei 20 mm, ist jedoch von der 
Frequenz und Werkstoffdimpfung 
athangig. Der Leistungstedarf ist 180 
VA. Niederspannungsbuchsen sind fiir 
Arbe'ten vorgesehen, fiir die strenge 
elektrische Schutzmassnahmen erforder- 
lich sind. Bei Benutzung dieser Buchsen 
wird die Hochspannungsverbindung auto- 
matisch abgeschaltet. 
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RECHTECK WELLENGERAT 
Feedback Lid, Crowborough, Sussex 
(Abbildung Seite 256) 

Das von Feedback Ltd, einer Schwe- 
sterfirma der Servomex Controls Ltd, 
hergestellte Rechteckwellengerit SW98 
erzeugt ein Rechteckwe'len-Treibsignal 
fir sich wiederholende Analoge. Eine 
Rechteckwelle der Netzfrequenz wird 
abgegeben, das Gerit erzeugt aber auch 
Rechteckwellen von extern angelegten 
Sinuswellen im Frequenzbereich 50 Hz... 
10 kHz. Die Anstiegszeit fiir jede belie- 
bige Frequenz ist ungefihr 2 ws, und das 
genaue 1:1 Verhdltnis kann mittels eines 
vorgesehenen Tastverhaltnistrimmers 

eingesteilt werden. 

Fiir zufriedenstellenden Betrieb ist 
ein Signal von mindestens 2 V Scheitel- 
spannung erforderlich; die Ausgangs- 
spannung kann unabhingig von der 
Eingangsamplitude stufenlos von 0...50 V 
dopvelter Spitzenspannung' eingestellt 
werden. 

Fiir Verwendung mit sich wiederholen- 
den Analogen ist ein Schwingkreis zur 
Erzeugung geeichter Schwingungen 
eingebaut, die der Zeitmessung von 
Oszillografspuren dienen. Die Eichfre- 
quenz ist 2,5 kHz, und die Schwingungs- 
reihe kann durch Umschaltung entweder 
in der positiven oder negativen Hilfte 
der Rechteckwelle auftreten. 
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INDUSTRIELLE MESSGERATE 
Ekco Electronics Lid, Southend-on-Sea, Essex 

Im Ekco-Fertigungsprogramm stehen 
besonders fiir die industrielle Verfahrens- 
technik drei neve Geriite zur Verfiigung. 
Der Feuchtigkeitsmesser Type N 680 
wurde in erster Linie fiir Papier- 
maschinen entwickelt und gibt iiber den 
Bereich von 2...75% eine genaue Anzeige 
des Feuchtigkeitsgehaltes des Papiers. 
Andere Ausfiihrungen sind mit beschrink- 
ten Messtereichen wie z.B. 2...15% 
und 60...75% lieferbar. Das Gerit kann 
am trockenen Ende der Maschine als 
Feuchtigkeitsmonitor oder zusammen 
mit dem Ekco-Substanzmesser am feuch- 
ten Ende eingesetzt werden. Die letztere 
Kombination ermédglicht Messen des 
Trockensubstanzgewichtes in einer Posi- 
tion, in der diese Messung friiher 
unméglich war. 

Das Speichergerit Type N 682 wurde 
besonders fiir Beschichtungsverfahren 
entwickelt; es speichert eine Messgerit- 
anzeige fiir eine vorgewahlte Zeitdauer, 
die mit dem Herstellungsverfahren in 
Beziehung steht und mit der Maschinen- 
geschwindigkeit synchronisiert wird 
Dadurch wird es méglich, ein Mess- 
resultat des Ausgangsmaterials mit der 
Anzeige eines weiteren Messgerates fiir 
das tiberzogene Material zu vergleichen. 
Durch die Verzégerungszeit des Speicher- 
gerites kénnen Messungen des iiberzo- 
genen und des uniiberzogenen Materials 
fiir dieselbe Flache nach dem Trocknen 
oder Aushiarten verglichen werden. Die 
Differenzsignale kénnen dann einem 
automatischen Regler zugefiihrt werden, 


der die Motoren betitigt, die die Ein- 
tauchwalze oder den Rakel positionieren. 


Eine Direktanzeige des Beschichtungs- 
gewichtes kann auch an einem Messgerat 
angezeigt oder auf einem Schreiber 
registriert werden. 

Laufendes und genaues Messen von in 
Bandform hergestellten Metallen bis zu 
12.7 mm Starke kann mit dem Sekundar- 
Réntgenstrahlmesser Type N 658 ausge- 
fiihrt werden. Die Réntgenstrahlen 
werden als Bremsstrahlung einer Strun- 
tium 90-Quelle erzeugt. Durch den einge- 
bauten Selbstregler Type 604 ist auto- 
matische Fertigungsregelung gegeben. 
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ELEKTRONISCHE MIKRO- 
SCHALTER 
Servo Consultants Lid, 10 Bouverie Place, 
Loados, W.2 


(Abbildung Seite 257) 


Der Bedarf fiir einen robusten und 
kontaktlosen Baustein fiir die Syn- 
chronisierung automatischer Maschinen 
fiihrte zur Entwicklung dieses Gerites, 
das hauptsadchlich ffir Verwendung 
anstelle von Kontaktpaaren bestimmt ist, 
die durch den Nocken einer Maschine 
betatigt werden. Der Nocken-Abtastkopf 
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enthilt keine beweglichen Teile, und 
somit ist die Wahrscheinlichkeit einer 
langen Lebensdauer dusserst hoch. Alle 
elektronischen Bauelemente sind reich- 
lich bemessen, und der ganze Baustein 
ist so durchkonstruiert, dass er die in 
vielen industriellen Verwendungen 
auftretenden iibermadssigen Erschiitterun- 
gen aushalten kann. 

Betatigung des Gerites erfolgt durch 
sich bewegende Nocken, Zahnstangen 
oder ahnliche Bauteile, solange dieselben 
aus magnetischen Werkstoffen herge- 
stellt sind. Der normale Atstand zw schen 
dem Vorderende des Bausteins und dem 
Nocken kann fiir den “Einschalt’- 
Zustand zwischen 0 und 0.75 mm 
schwanken, muss fiir den “Ausschalt”- 
Zustand aber grésser als 0,63 mm sein. 
Die “Einschalt”- und “Ausschalt’- 
Zustande werden’ ganz _ willkiirlich 
gewahit, und der Baustein kann fiir 
unbegrenzte Zeit in jedem der beiden 
Zustinde verbleiben. Der Ansprech- 
bereich iiberstreicht daher Gleichstrom- 
betrieb bis zu 1009 UPM. Die Auflé- 
sungsgenauigkeit ist +0.5 mm und ent- 
spricht bei einem Nocken mit 6” (153 
mm) Durchmesser einer Winkelgenauig- 
keit von ungefahr 25 Bogenminuten. 
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MILLIMETER-KLYSTRONS 

Elliott Brothers (London) Ltd, 34 Portland 

Place, London, W.1 

Elliott Brothers hat vier neue Kly- 
stronoszillatoren fiir die 4 mm, 6 mm 
und 12 mm Binder entwickelt. 

Diese Klystrons haben Wasserkiihlung 
und sind nach dem freischwebenden 
Triftréhrenprinzip konstruiert. Ihre Aus- 
gangssignale sind aussergewdhnlich frei 
von Wéarmedrift und magnetischer 
Riicktrift. Das in der Konstruktion ver- 
wandte Glas hat einen hohen Erwei- 
chungspunkt und ist mit Melytdanab- 
schluss versehen. Die Réhren kénnen 
demzufolge wihrend des Herstellungsver- 
fahrens auf Temperaturen von 700°C 
erwirmt werden, wodurch hohes 
Vakuum, gute geriuscharme Kennwerte 
und verbesserte Kathodenlebensdauer 
erzielt werden. Eine durchschnittliche 
Lebensdauer von mindestens 500 Stunden 
ist wahrscheinlich. 

Type 4FKI enthalt viele im 15 W-Q- 
Band-Klystron 8FK1 verwendete Bauele- 
mente und kann bei einer auf ungefahr 
75 GHz festgelegten Frequenz eine Aus- 
gangsleistung von tiber 100 mW abgeben. 

Fiir das 6 mm Band sind jetzt zwei 
Klystrons in Produktion. Type 6FK1! ist 
ein Festfrequenz-Oszillator, der bei £0 
GHz eine Ausgangsleistung von ungefahr 
2 W abgibt: Type 6TFK2 ist eine durch- 
stimmbare Ausfiihrung des 6FK!. 

Type I2TFK2, ein never 12 mm— 
Oszillator. ist eine durchstimmbare Aus- 
fiihrung des 10 W—Festfrequenz-Oszil- 
lators 12KF1 und hat eine Ausgangslei- 
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stung von mindestens 8 W iiber einen 
100 MHz Bereich, dessen Mittelfrequenz 
im 21...25 GHz Band liegt. 
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SI-GLEICHRICHTER 


International Rectifier Co. (Great Britain) Lid, 
Horst Green, Oxted, Surrey 


(Abbildung Seite 257) 

Eine Reihe neuer Silizim-Gleichrich- 
tersitze mittlerer Leistung wird von der 
International Rectifier Co. (G.B.) Ltd. 
angeboten. Die Gleichrichtersaitze sind 
so bemessen, dass die gingigsten Strom- 
versorgungstediirfnisse von  Geriten 
wie Leistungsverstaérker, Rundfunksende- 
gerate und Rechnernetzgerite usw. 
gedeckt werden. 

Gleichrichtersaétze sind fiir einphasige 
Einweg-, einphasige Briicken- und 
Drehstrom-Briickenschaltung _lieferbar. 
Die Satze haben einen Wirkungsgrad bis 
zu 98%. wodurch die durch Erwarmung 
auftretenden Probleme wesentlich verrin- 


gert werden. Die hohe Ausgangsleistung 
im Verhiltnis zur Grésse erleichtert das 
Auswechseln in existieeenden Geriten 
und verringert den Raumbedarf in 
Neukonstruktionen auf ein Minimum. 
Alle Sitze sind robust konstruiert, die 
Platten und Klemmen gegen Verdrehung 
gesichert; die Montageschlitze haben 
offene Enden und die Klemmen Farb- 
kennzeichnung. 
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HF-LEISTUNGSROHREN 
Associated Electrical Industries Lid, 155 Charing 
Cross Road, Lendoa, W.C.2 
(Abbildung Seite 257) 

Eine neue Kiihlmethode wurde fiir drei 
neue wassergekiih!te Ediswan HF-Lei- 
stungsréhren vorgesehen, fiir die héhere 
Wirksamkeit, niedrigere Installations- 
kosten fiir die Réhrenins‘allation und 
einfachere Wartung in Anspruch genom- 
men werden. Statt des fiblichen Kihl- 
mantels wird eine Kupferrohrspirale fiir 


Wasser direkt an die Anode angebracht. 
Es handelt sich um die Rdhrentype 
15P12 mit 0,6 kW maximaler Anoden- 
verlustleistung und 2,5 kW HF-Héchst- 
ausgangsleistung sowie die Réhren:ypen 
16P12 und 16P13, deren maximale Ano- 
denverlustleistung 3 kW und HF- 
Héchstausgangsleistung 7,5 kW ist. 

Da keine Abdichtungen vorhanden 
sind, wird das Leckagerisiko herab- 
gesetzt. In jedem Fall ist die Konstruk- 
tion kompakter als die vergleichbaren 
Typen mit herkémmlicher Kihlung. Der 
Wasserbedarf ist gering und liegt fur 3 
kW Verlustleistung ungefaihr bei | Liter. 
Eine patentierte Ediswan-Schutzvorrich- 
tung gegen tbermissige Anodenverlust- 
leistung ist eingebaut. 

Die angefiigten Suffixe 12 und 13 
bezeichnen die vorgesehene Wasser- 
anschlussmethode: 16P12 wird z.B. mit 
Schlauch und 16P13 mit Verschraubun- 
gen angeschlossen. 

Die 15P12 hat ein aus einem neuen 
nichtemittierenden Werkstoff kon- 
struiertes Gitter, das eine viel héhere 
Gitterverlustleistung zulasst. 
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Zusammenfassung 


der wichtigsten Beitrage 


Ein Analogrechner fiir Antennenstrahlungsdiagramme von H. Page, G. J. Phillips und J. A. S. Fox 


Zur Berechnung der horizontalen Strahlungscharakteristik aus mehreren Strahlungselementen 
bestehender und auf einem zentralen Mast angeordneter Antennen wurde ein Analogrechner entwickelt. 
Das Strahlungsdiagramm eines Einzelelementes muss bekannt sein und dient als Grundlage der 
Berechnung des Diagrammes fiir eine Anzahl um den Mast verteilter identischer Elemente. Die 
Stréme in den Elementen kénnen jede gewiinschte Amplitude und Phase haben. 

In dem angewandten Verfahren werden NF-Spannungen addiert, wobei jede Komponente die 
Strahlung von einem Element in einer bestimmten Richtung darstellt. Bei Verwendung einer 
Stufenschalterbank kénnen die entsprechenden Summierungen nacheinander fiir Richtungswinkel mit 
7,5° oder 15° Abstand durchgefiihrt und die Resultate auf einem Messgerat angezeigt werden. Der 
Rechner kann auch anderen Sichtanzeigen angepasst werden. 


Zusammenfassung des 
Beitrages auf Seite 206-212 


Ein schneller Gleichstrom-Wechselstrom-Stellantrieb von B. A. Unvala und B. T. Denvir 


Das beschriebene Servogerat wurde zum Antrieb eines 10 W-Wechselstrom-Stelimotors hendtigt, 
der mit kleinen Eingangsspannungen iiber den Frequenzbereich von Gleichstrom bis zu 70 Hz arbeitet. 
Die Schaltung besteht aus einem bei 400 Hz geschalteten Diodenringmodulator und nachfolgendem 


Zusammenfassung des 
Beitrages auf Seite 2/ 3-217 
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Wechselstromverstarker mit Phasenverschiebung und Begrenzernetzwerk. Im Modulator werden 
Si-Gleichrichter und im volltransistorisierten Verstarker durchweg Si-Transistoren benutzt. Die 
Stromversorgung wird auch beschrieben. 


FM-Ferniibertragung im kreisrunden Hohlrohr von R. Hamer 


Die Durchfiihrung von Ferniibertragungen in kreisrunden Hohlrohren (H,,-Welle) bei Benutzung 
von Frequenzmodulation wird unter der Voraussetzung untersucht, dass eine besondere Hohlrohr- 
struktur zur Verfiigung steht und dass Unvollkommenheiten des Hohlirohrs regellos auftreten. Die in 
Betracht gezogenen grundsdtzlichen Beschrankungen sind: (a) die durch Wellentypumsetzung an den 
Mangelstellen des Hohlrohrs ansteigende Dampfung der H,,-Welle, (b) die sich aus Parallelfluss 
und Echosignalen ergebende Intermodulations-Verzerrung, (c) Zerstreuung im Hohlrohr. 

Zusammenfassung des Die Untersuchung beriicksichtigt besonders Mehrkanal-Fernsprechiibertragungen, da diese die 
Beitrages auf Seite 218-225 grdssten Schwierigkeiten bieten; das Modulationssignal wird durch regelloses Gerdusch nachgebildet. 

Die Untersuchungsergebnisse werden fiir einen hypothetischen Weg angewandt, der aus regellos 
zusammengesetzten Kupferrohrabschnitten von 2 Zoll (50,8 mm) Durchmesser besteht und mit einem 
Verluste aufweisenden Dielektrikum ausgekleidet ist. Das entstehende Intermodulationsrauschen in 
einem Fernsprechkanal eines 2700-Kanal-Systems mit einer Trdgerfrequenz von 35 GHz wird von 
einer Reihe von Parametern abgeleitet. 

Abschliessend wird festgestellt, dass die untersuchten Beschradnkungen die Verwendung von 
Frequenzmodulation fiir die Ferniibertragung in kreisrunden Hohlrohren nicht ausschliessen. 


Gleichstromumformer: Ausfiihrungswahl und Berechnung von J. S. Bell und P. G. Wright 


Die Berechnung von Gleichstromumformern mit ein und zwei Transformatoren wird besprochen 
und ihre Leistung verglichen. Die Berechnungsmethode ist angegeben, und zwei praktische Beispiele 
werden durchgerechnet. 


Zusammenfassung des 
Beitrages auf Seite 226-23! 


Linear-logarithmischer Wandler fiir lineare Mittelwertzahler von J. Turnbull und D. N. Walder 


Der beschriebene Wandler wird von einer Untersetzerstufe mit einem Verhdltnis von 2:1 gespeist, 

Zusammenfassung des die negativgehende Rechteckwellen mit 30 V Amplitude erzeugen kann, und gibt iiber zwei Dekaden 

Beitrages auf Seite 238-239 einen ungefahr logarithmischen Ausgang ab. Fiir das Ausgangsmessgerat kann durch Umschaltung 
Vollausschlag iiber einen Zahlbereich von 10 . . . 100 oder 100 . . . 1000 gewahlt werden. 


Genaue Frequenzregelung eines Drehumformers von M. J. Tucker 


Das Kénigliche Forschungsschiff* Discovery II’’ wurde mit einer 50 Hz—Stromquelle ausgeriistet, 
deren Frequenzgenauigkeit ungefahr 1 * 10-5 betradgt. Ein kleiner Drehumformer ist phasenstarr mit 
einem von einem Quarzoszillator abgegebenen 50 Hz—Bezugssignal angeordnet. 


Zusammenfassung des 
Beitrages auf Seite 240-241 


Ein neuer Gleichstrompegelregler fiir anpassungsfahige Systeme von R. A. Johnson und J. D. Hill 


Eine neuartige elektronische Schaltung, die den Spannungsabfall in einem Verbraucher innerhalb 
eines Bruchteils eines Prozentes konstant halt, wahrend der Gleichstrompegel des Verbrauchers 
innerhalb eines grossen Bereiches gedndert werden kann, wird beschrieben und analysiert. Fiir die 
Schaltung werden nur elektronische Bauelemente mit Standardtoleranzen benutzt, und die grosse 
Genauigkeit wird durch Fehlerkompensationstechnik erzielt. 

In einer beispielsweise dargestellten Konstruktion kann eine 20 kQ Last um iiber 200 V verschoben 
werden, wahrend ihr Spannungsabfall innerhalb +.0,2°, konstant bleibt. 


Zusammenfassung des 
Beitrages auf Seite 242-244 
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PRECISION WORKMANSHIP 


is the Keynote... 








0 TO 30 VOLTS D.C. 


AT 10 AMPS. FULLY REGULATED 


Output resistance: 0.01 ohm. 
Stabilisation: 1000 : | 
Ripple: , ImV. peak to peak 
Mains Supply: 200/250 v. 50 c/s 
OVERLOAD CUT-OUT. 

FULLY FLOATING OUTPUT TERMINALS. 


SILICON AND GERMANIUM DEVICES USED 
THROUGHOUT. 


TRANSISTOR POWER SUPPLY OTHER TRANSISTOR 
TYPE KTV/310 POWER SUPPLIES AVAILABLE 





PULSE GENERATOR 


TYPE 302A 


GENERAL PURPOSE 
LABORATORY INSTRUMENT 


$ amp. peak current available in output 0 to 100 volts con- 
tinuously variable output. Fully Regulated Internal D.C. 
supplies. Rise Times of 0.015 uS. Low output impedance. 
Extremely small jitter. 


SPECIFICATION: 


Oscillator frequency: 10 c/s to 10 Mc/s. : 
Delay: 0.3us. to 10 ms. ——Also available 


Pulse Width: o.ins.t010ms. | DOUBLE PULSE GENERATOR 
Pulse amplitude: 0 oii 2,0 into 75 ohms. TRANSISTOR ANALYSER 


(positive or negative) 
Square waves: locstoi Mc. | STABILIZED POWER SUPPLIES 


The instrument can be synchronized or triggered from an nso aA ites Wer Cenags Gry ayy ee 
external source. : ; 














For full information and descriptive literature on other LABORATORY TESTING EQUIPMENT 
call, write or phone 


KASAMA Ee ectronics utp 


139-149 FONTHILL ROAD, FINSBURY PARK, LONDON, N.4 
Telephone: ARChway 6160 
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... HYDROFLEX SEAMLESS METAL 
BELLOWS HAVE UNLIMITED APPLICATION 
—in pressure sensitive systems, thermostatic 
systems, flexible shaft couplings, pressure 
seals and vacuum seals. 


whatever you manufacture 
there’s an application for 


ELEY DROFLEX 


seamless Metal bellows 


Write for details to Dept. E.E. 


B.29 


DRAYTON REGULATOR & INSTRUMENT CO. LTD., BELLOWS DIVISION, West Drayton, Middx. West Drayton 4012 
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$ 


SIEMENS 


High Reliability 
High Frequency 
Low Noise 


Collector- Collector | Maximum Noise figure 
Base voltage | current frequency of 
oscillation F (kTo) 


“Yeso (v) |-lemay | ‘ose max (Me/s) | at 100 Me/s 





30 50 600 38 





30 50 750 3.0 











SIEMENS & HALSKE AKTIENGESELLSCHAFT 
WERNERWERK FOR BAUELEMENTE - MUNCHEN 


FULL PARTICULARS FROM=R.H. COLE (OVERSEAS) LTD 
2, Caxton Street - Westminster - London S.W.1 
SOLE UK DISTRIBUTORS 





EE 32 127 for further deatils 
DO YOU BUILD DECADE COUNTER & SELECTOR 
ELECTRONIC COUNTERS? ez.108 


With the ELESTA EZ. 10B decade counter tube, now available as Max. Counting Rate 1 million p.p.s. 
production model, frequencies of up to one megacycle are possible Anode Supply Voltage seo'v 

ith considera! vines ia components: | th atunti Anode Sustaining Voltage 300 V 
wi cons € savings in components; another great advantage pantie Ciemiets L.SmA 
is that the discharge can stand for very long periods on any one Pulse Drive Peak Amplitude 100 to —1S0 V 


cathode of the EZ. 10B without deterioration of performance. Output Pulse Amplitude wiiad 
Cathode Resistors : . 6.8 k-Ohms 


All Elesta Tubes have pure molybdenum cathodes which 
alone ensure very precise and constant characteristics over 


a practically unlimited operating life for most applications. B R ] T F ¥ l ] All T E dD 


Write or selephone to-day for practical and proven circuits and 17 CHARING CROSS ROAD, LONDON, W.C.2 
technical information about Elesta cold cathode tubes. Tel: WHitehall 3070 
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An NEC semiconductor device for every circuit application 


Types of NEC semiconductor devices 


e©PNP super-grown Germanium transistors 
@Germanium photo transistors ®PNP alloy 
junction Germanium transistors ®Silicon 
Mesa transistors Germanium Mesa tran- 


The range of semiconductor pro- 
ducts at NEC is perhaps the 
widest of any manufacturer. 
Entertainment or industrial, 
standard broadcast frequencies 
to microwave — NEC has a semi- 
conductor device with the ratings 
and characteristics for your ap- 
plication. There’s a wide selec- 
tion of current ratings, operating 
temperatures, and mountings. 


These are produced in NEC’s 


new semiconductor plant where 
crystal surfaces are cleaned by 
100 tons of hyper pure water 
daily. Every seal is tested in 
krypton isotopes, providing a 
failure rate suitable for the most 
critical applications. 

A single source for semiconduc- 
tors can mean a saving in time 
and costs. Just let NEC know 
your requirements and full tech- 
nical data will be sent. 


sistors @Germanium gold-bonded di 

®Silicon rectifiers @Silicon controlled recti- 
fiers Silicon capacitors ¢Zener diodes 
eGermanium point-contact mini-diodes 
®Silver-bonded diodes ¢Microwave mixer 
diodes ®Silicon junction mini-diodes 





Reliability The first NEC yw tk, 


carrier telephone system was an NT & 
installation in 1958 between Toyama a 
Takaoka, a distance of 15 miles. it consists 
of two terminal stations and a repeater 
station with 240 channels using | ,6000 tran- 
sistors. 

During last 14,000 hours of operation tran- 
sistor failure has caused only two channel 
faults. This corresponds to a failure rate 
of 0.009%, per 1,000 hours. 


Communications Systems / Electronic Components <E> Mppon Electric Co, Lid Tokyo, Japan 
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HIGH SENSITIVITY 
LOW COST 
WIDE VERSATILITY 


with the 
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A.C. VALVE VOLTMETER 


The Advance Advac has all the qualities required 
in a first class laboratory tool. An extremely 
sensitive a.c. valve voltmeter, it also functions as 
a wide range amplifier or as a null detector and 
indicator. Compact and of robust construction, 
the Advac is an outstanding product of Advance 
skill and experience in the world of instrumentation. 


EXTREME SENSITIVITY 
WIDE VOLTAGE RANGE 
WIDE FREQUENCY RANGE 
AMPLIFIER RANGE 
AMPLIFIER GAIN 
AMPLIFIER OUTPUT 


Size 
43” x 7h” x 63" 
Weight 7 Ib 


accurate down to 100uV 
ImV to 300V F.S.D. 
15c/s to 4.5Mc/s 

10c/s to 10Mc/s 

60dB in 10dB steps 


1V maximum 





nett price in U.K. £55 


including very low capacity screened leads and probe 


leaflet no. MF 101 available on request. 


Advance COMPONENTS LIMITED 


ees INSTRUMENTS DIVISION LO) 
ROEBUCK ROAD + HAINAULT « ILFORD » ESSEX * TELEPHONE ! HAINAULT 4444 
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Advanced ele 
has now fesull 
frame grid, type 
high gain 
component of 
excellent pict 
_ definition, 














Hitachi also produces - 
used together with the 
even better than he cu 


Automatic tube testing equipment 
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fig. 1 Gain character istics 
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components for television which, when 
fo earn.any maker a market reputation 


Toyo Japan 
Cable Address: “HITACHY” TOKYO 


APRII 





DOUBLE ENDED 
STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 











Made throughout in polished stainless steel. 

Single action door openings. 

Rectangular with self spacings to suit. 

Double-ended controls. 

Electrical interlocking of air inlet and isolation valve. 
Outer cover hermetically sealed. 

Temperature Range 0-400 C. 

or equivalent F. 


VACWELL ENGINEERING 


WILLOW LANE - MITCHAM - SURREY 


APRIL 1961 (R) 


EE 32 131 for further details 


We design and manufacture Ovens to Customer's 
special requirements. Should you have any problems 
in this field our Technical Department is always willing 
to help you solve them. Vacuum Ovens with tempera- 
tures of up to 600°C are also manufactured by us on 
similar lines but with Sectional Heating and Water- 
Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to 
major companies in Great Britain and Overseas. 





74°C. Special +.1°C. 
Internal Spacing 7” x 8” x 18”. 


Temperature Control: Normal 


(can be altered to special requirements). 
Vacuum Range: To 10-' m.m. 

Respective Vacuum Gauges incorporated. 
Automatic air inlet valve on Backing Pump. 
Visual Indicators and Fuses on all switches. 
Flanged for fitting into Dry Box. 


co., LTD. yy 


Tel: MiTcham 8211 (3 lines) é 
%6, co. 
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MULLARI 


6.8 DAE Die 


MULLARD introduce seven additions to their extensive range of 
transmitting valves. These new developments, for use in television 
transmission, mobile radio communications and microwave links, 
combine the advantages of the latest manufacturing techniques 
together with long-term experience gained in operational service. 


TELEVISION TRANSMISSION 

Coaxial u.h.f. power tetrode QY3-1000A, with ceramic construction, 
for use as a Class B or Class C amplifier at frequencies up to 1Gc/s. 
As an amplifier for television service the QY3-1000A will provide an 
output power of 1.28kW at a frequency of 900 Mc/s and 1.76kW at 
600Mc/s. 


MOBILE RADIO 
Three new quick heating versions of existing tetrode transmitting 
valves. The use of these valves, the QQZ03-10, QQZ03-20, and the 
QZ06-20 will permit considerable economy in transmitter standby 
power consumption and will also effect a reduction of chassis 
ambient temperature. All three valves deliver more than 70% of 
maximum output power within one second of switching on. 

Power output at Max. operating 

full ratings. frequency 

(W) (Mc/s) (Mc/s) 

QQZ03-10 13 200 225 


QQZ03-20 45 200 500 
QZ06-20 70 60 175 
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COMMUNICATIONS 

Two new double tetrodes QQV07-50 and QQV03-25 meet the demand for increased 
anode dissipation and can be incorporated in equipments requiring output powers 
of 70W and 35W respectively, including equipment where the QQV03-20A and 
QQV06-40A are being used. 


MICROWAVE LINKS 


EC158 disc seal s.h.f. triode for microwave link communication equipment capable 
of 5W output power at 4Gc/s (50 Mc/s bandwidth at —0.1dB). The unique perform- 
ance of this most advanced valve is made possible by the incorporation of a special 
dispenser cathode. 


FURTHER INFORMATION 
Further information on all these devices is available, please quote reference D4134 
when writing to Mullard House. 


Mullard 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LIMITED - Government and Industrial Valve Division 
Mullard House - Torrington Place - London WC1 - Telephone LANgham 6633 


RP) MV C413 
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Frequency varies 


but Emitape is always consistent 


Choose Emitape, and you use the same tape chosen by most recording 


companies to make their ‘masters’. You can always rely on the consistent 


perfect quality of Emitape. Insist on it, for professionalism in your work. 


JES zxa ita pe THE TAPE USED FOR THE ‘MASTERS’ OF MOST RECORDS 


CIIZ_ 
Z 
EMIT 
ET4 EMITAPE DIVISION, E.M.I. Sales & Service Ltd., Hayes, Middlesex. 
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Gen JerCel 1 WATT SILICON ZENER DIODES 


Have a large dissipation for their 
size 

Are suitable for high temperature 
operation 

Have a low temperature co- 
efficient of voltage 

Are suitable for use as regulators, 
limiters, surge suppressors, and 
voltage references 

The first complete range of close- 
tolerance ZENER Diodes available 
from production 


Characteristics and ratings of SenTerCel 
Zener Diodes are given in publication MF/103 


eae 
COMPONENTS 
Group 


60 4MF 
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Z2 SERIES ZENER DIODES 





+ 5% Voltage 
Tolerance 
(Red and Green 
Sleeves) 


TYPE 


NOMINAL 
VOLTAGE 





Z2A33F 
Z2A36F 
Z2A39F 





+ 10% Voltage 
Tolerance 
(Red and Yellow 
Sleeves) 


Z2A43F 
Z2A47F 








+20% Voltage 
Tolerance 

(Red and Blue 
Sleeves) 


Z2A91F 
Z2A100F 
Z2A1 10F 
Z2A120F 
Z2A\130F 
Z2A150F 








VWN=SCMNRANMdA awww 
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Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW - ESSEX 
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of a special 


We make three germanium NPN alloy high speed switching transistors, each one an ace in its 
own class, and if you don’t think that’s something to write home about, just look at these brief 
specifications : 


Maximum Maximum Maximum 

Vb (Volts) Veo (Volts) I, (mA) 
25 15 200 
25 15 400 
25 12 400 


But before you tell the folks back home about them, 
why not drop us a line first and get the whole story? Go on. Ask. 


EDISWAN SEMICONDUCTORS 


a Associated Electrical Industries Limited 


Radio & Electronic Components Division 


155 Charing Cross Road, London, W.C.2. Telephone: GERrard 9797 
CRC G4 
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i 
IN THE 
SERIES 


Technical Information for the 
Transistor Circuit Designer 





Bidirectional Switching Transistors 


A bidirectional transistor has equal collector and emitter areas 
so that in a pnp structure it is immaterial which of the two 
p regions is used as the emitter and which as the collector. 
The transistor will give an appreciable, but not identical, gain 
in both directions and for most circuits it is sufficient that the 
gain shall be above a certain minimum in either direction. For 
convenience, one terminal of the transistor is assigned to the 
collector and the gain is termed “normal gain” when this 
terminal is connected into the collector circuit. With this 
terminal connected into the emitter circuit, the gain of the 
transistor is then termed “‘inverse gain”’. 


Bidirectional transistors behave as efficient electronic switches | Micro photograph of a symmetrical alloy p n p transistor junction, 
(indium emitter and collector on germanium wafer base ). 

capable of switching signals having a polarity which is either 

positive or negative with respect to the base or reference 

terminal. A typical example is the phase sensitive demodulator 

shewn here. The reference phase signal is applied to the base 

of the transistor and terminal | acts as an emitter or collector 

according to whether the polarity of the input signal is positive 1444-14161 3 

or negative when the reference signal is negative. Sela SIGNAL 

Other examples of the use of bidirectional transistors are to be 

found in modulators, computer read and write circuits, 

analogue computer switching circuits, time division multiplex, 

voltage comparator circuits for analogue to digital conversion 

and various types of sequential switching circuits. 


(Tam = 25°C unless otherwise stated) 





he measured at 
Description and Applications 





Cc c 
Typ. |Max.| (V) | (mA) 





Germanium Alloy Junction 
Transistors 

Bidirectional p-n-p. Excellent 
switching performance at rela- 
tively high collector currents. 
Very low saturation resistance. 
Similar to the TK20C, but with a 
cut-off frequency greater than 
8 Mc/s. 












































tinverse characteristics *95% limit. 


STC Application Report, “Bidirectional Transistors” will be gladly sent on request; ask for MK/139 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 
TRANSISTOR DIVISION: FOOTSCRAY - SIDCUP - KENT 





61/2MK 
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-FLUOROSINT! 


Bee me = Se Bee Se oe 


a NEW 


FLUOROCARBON 
TFE BASE 


PRODUCT 

with 

improved 
mechanical 

and 

thermal properties 


Extensive research has produced a new TFE 
base material with the following outstanding 


characteristics: 

¥& low thermal expansion only one sixth that of PTFE 
— exceptionally close moulding tolerances 

* chemical and electrical properties similar to PTFE 


* excellent friction and wear characteristics 


= greater stability against thermal shock 
+ FLUOROSINT is a trademark of Polypenco Lid., 
and is a material produced by a patented process 


PP/A 1/61. 


ELECTRONIC ENGINEERING 


POLYPENCO 


Regd. Trademark 


Write for furtner detaiis to 


POLYPENCO LIMITED 


68 -70 Tewin Road, 
Welwyn Garden City, Herts. 
Telephone: Welwyn Garden 5581-4 


NORTHERN OFFICE: 


117 Swan Arcade, Bradford, Yorks. 
Telepnone: Bradford 32073 


A 
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STC are supplying Carrier Telephone Multiplex Equip- 
ment for the large NATO radio communications 
network (ACE-HIGH Project) which will cover 
Scandinavia, Europe and the Mediterranean. The 
STC channel, group and supergroup frequency trans- 
lating equipment will provide over 2000 channel 
ends. 

STC are also supplying Transmission Testing Equip- 
ment, and equipment and visual aids for training 


courses. 


The channel frequency translation equipment is entirely 
transistor operated and employs the new STC mechanical 
construction, Type STEP-5. The illustration shows part of a 
station-rack with a typical 12-circuit group subrack and 
multigroup power supply equipment below. Plug-in type 
apparatus units are used. 


Srandard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C.2 
TRANSMISSION SYSTEMS DIVISION: NORTH WOOLWICH - LONDON : E.16 
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THE DUMONT 425 


The READ OUT SWITCH FEATURE and the unique “TWO DOT” 
dialled method of wave-form measurement make this the most accurate 
oscilloscope available today. 


Because of the innumerable types of accurately repeatable measurements 
that can be made with the Du Mont 425 Oscilloscope, the applications of 
this instrument are limitless. 


FOR PRODUCTION Its “human-engineered” controls and layout 


eliminates: 

Parallax 

Scale interpolation 

Dial multiplications 

10% or 90% point guesswork in rise or fall 
time measurements. 


Simply assessed wave-form information permits unskilled operators to 
perform accurate repetitive measurements on complex waveforms. 


With the use of the “425” precise complex measurements are reduced to unskilled 
operations, The DUMONT 404 Pulse Generator can be seen on the left. 


VERTICAL-DEFLECTION SYSTEM The DUMONT 425 being used to analyse the structure of silicon crystals 
MAIN FRAME AMPLIFIER 

UNE hia’ dao 1. we DC coupled to 36 Mc/s READ-OUT SYSTEM FOR LABORATORY 

scan ey ri een page a oe esr The additional features to those already stated 


The Read Out system has a normali- 
its wide frequency range, Y Axis 36 Mc/s, 
HORIZONTAL-DEFLECTION SYSTEM sed i, of §%. |The sbeolute SCA 4 Me! is, =f A. 0.§ « S€C.—I10 sec. 


e accuracy is within 3%. The cali- 
} Each range is divisable by 1000 parts with 2 
ney want -eveagtiamatgge bration may be monitored and digit thumb switch controls. The as © 7 
oO 


Calibrated Sweep Rates «+ From 0.05 microsecond/em to 2 adjusted to within 4% of full scale fiel 
seconds/cm in 24 steps. at the 110-volt supply test jack. =< — mk kW nine 


Accuracy ioe eee - Adjustable to better than }% on and solid state physics. 
the 0.05 microsecond/cm range on 
on one other selected range; all 
other ranges within 3%. 


Demonstrations and Full Servicing Facilities available. 
Write now for full details on the full range of DUMONT Scopes and Cameras 


Aweley Electric Li 
SOUTH OCKENDON - ESSEX 
Telephone: SOO 3444 
Telex: Avel Ockendon 24120 
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SPECIFY 1.M<. capacitors ... they are right for the job! The extensive range includes 
top-quality, precision types which meet the requirements of exacting equipment— 
but there are, too, the types you'll choose when the equipment is less spectacular 
and price is the governing factor. So specify T.M.C. and be sure of getting the 
right capacitor at the right price to do a dependable job. 


Please write for further information 


40. (Om CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED, 
Components Division, Cray Works, Sevenoaks Way, 
Orpington, Kent. Telephone: Orpington 26611. 
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SPEGIAL 
PURPOSE 


CONTROL 
PANELS 


DONOVAN 


This SPECIAL 7-door section of a 13-door Transfer Machine control 
panel may look like any other switchboard BUT— 
STANDARD-PROVEN Donovan Contactors, Relays, Overloads, 
Isolators, and accessories, are used throughout and in addition the 
panels are plug-in for quick replacement and maintenance—a valuable 
feature only offered by Donovan. 


Senior Executives and Buyers desiring a comprehensive list of 
Donovan standard and special products are invited to apply for 
copies of the Donovan Catalogue. 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET, BIRMINGHAM, | 


London Depot: 148-151 YORK WAY, N.7. Glasgow Depot: 22 PITT STREET, C.2 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW, BELFAST, BOURNEMOUTH 
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FALKS 
“Grenville” 
makes light of 
arduous 
conditions 


81 FARRINGDON ROAD, LONDON, E.C.1. HOLborn 7654 London Showrooms: 20/22 MOUNT STREET 


APRIL 1961 


Equipment that is exposed to 
the full rigours of British 
weather and industrial atmos- 
pheres has to be tough to 
survive. FALKS Grenville is 
tough — it's resistant to 
vapour, dust and weather— 
hose-proof and highly resis- 
tant to corrosion. It makes 
light of difficult conditions 
Grenville is a must for docks, 
gasworks, steel- 
works and chemical works 


railways, 


137 


FLOATING HINGE AND CAPTIVE 
SCREWS ENSURE DUST-PROOF JOINT 


ELECTRONIC 
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* Grenville 

a heavy-duty cast 
aluminium fitting for 
300 and 500 watt 
tungsten lamps 

200 and 400 watt MBF/U 
and the MA/V Mercury 
Vapour Lamps 


FALKS, the long-established lighting 
specialists, designers and manufac- 
turers of all types of fittings. Lighting 
Engineering Services freely available. 


We invite your inquiries 


THERE'S A MODERN FALKS 
FITTING FOR EVERY PURPOSE 


, PARK LANE, W.1. MAYfair 6671/2 


APIS 


ENGINEERING 
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MEDIUM POWER FERRITE ISOLATORS SERIES 2M 


Range of centre frequencies 
Bandwidth about the centre frequency 
Peak Power 

Isolation at centre frequency 

Isolation over the band 

Weight 


2; MW S-BAND 


8500-10, 500 Mc/s 
+5% 

50 KW 

35db 

>15db 

241b approx 


FERRITE ISOLATORS SERIES 2C 


Range of centre frequencies 
Bandwidth about the centre frequency 
Peak Power 

Mean Power 

Isolation at centre frequency 

Isolation over the band 

Weight 


2800-4000 Mc/s 
+10% 

2-5 MW 

3-5 KW 

Not less than 12db 
Not less than 9db 
30Ib 


HIGH POWER FERRITE ISOLATORS SERIES 2H 


Range of centre frequencies 
Bandwidth 


Peak Power 


8500-10,500 Mc/s 
+5% about centre frequency 
200 KW (pressurised) 


250 W (pressurised) 
>40db 

>20db 

5ib approx 


Mean Power 

Isolation at centre frequency 
Isolation over the band 
Weight 


COAXIAL FERRITE ISOLATORS 


[derranti 


ELECTRONIC ENGINEERING 


SERIES 12M 
Range of centre frequencies 
Bandwidth 
Power up to 
Isolation at centre frequency 


Isolation over the band 


Weight 
Write for further details to: 


2500-4500 Mc/s 
+500 Mc/s 

50 Watts C.W. 
40db 

>15db 

I¢lb approx. 


FERRANTI LTD - KINGS CROSS ROAD - DUNDEE Te/: DUNDEE 87141 


Ds/T 71 
APRIL 1961 
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INSTRUMENTS 
OF THE FUTURE WO 


SEY, er Ce 
K 


dak — Transistor ANALYSER 


A portable battery-operated instrument, 
suitable for testing PNP, NPN and Point 
Contact transistors, in the grounded emitter 
configuration. Provision is included for in situ 
measurements. The instrument is supplied 
compleie with comprehensive operating in- 
structions, together with the AVO International 
Transistor Data Manual which provides test 
data for approximately 3000 transistors, 


Brief Specification: 

Range of Collector Voltage: 1-5V to 10-5V (up to 150V 
using external supplies) 

I'co: First indication 2uA 

Base Current 0-1 mA, 0-40 mA 

Collector Current: 0-1A 

Gent... 0.25, 0-250 measured at | Ke/s 

Noise Measurement: 1-20, 21-40 dB 

Construction in general conforms with U.K, Inter-Service 

Spec. Ki14. 


ZAANOF vive cuaractenistic METER 


This instrument has been designed to test any 
standard receiving or transmitting valve having 
up to a maximum anode dissipation of 25W. 
Inter-electrode insulation, anode current, 
mutual conductance and ‘gas’ current can be 
measured, and by making a series of tests, 
complete families of curves may be plotted. 
Rectifiers and signal diodes are tested under 
suitable load conditions. A comprehensive data 
manual is supplied with the instrument, which 
operates from 100-120 volts and 200-260 volts 
50-60 c/s A.C. mains. 


Brief Specification: 

Range of Anode Voltage: 12-6 — 400 voles 
Range of Screen Voltage: 12-6 =~ 300 volts 
Range of Heater Voltage: 0-625 — 117-5 
Heater Current: 3A max. 

Anode Current: 100 mA max. 

Mutual Conductance: 0-1 — 60 mA/V max. 
Negative Grid Voltage: 0 — 100V in 9 ranges 
‘Gas’ Current 2A first indication 





REPAIR SERVICE 


Our fully equipped Service Dept. deals promptly 
with repairs to AVO Instruments, or if more 
convenient they may be sent to either of the 
following authorised AVO Service Agents:— 
Automac Lrd., | Farnell instruments Led. 
Throstie Grove Works, Light industrial Estate, 
Gt. Egerton Street, York Road, 

Stockport, Cheshire. Wetherby, Yorks. 


YY a z K \ Write for fully illustrated brochures 
ANY 0) ELT’ WD séAVOCET HOUSE + 92-96 VAUXHALL BRIDGE ROAD - LONDON ~ S.W.!I 


a = Telephone: ViCtotia 3404 (12 lines) 











] A MEMben Ur inte MciAl INDUSTRIES GROUP OF COMPANIES 
veltaa 
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FOR THE FIRST TIME! 


any suitable 
counter 
becomes 


@ A Digital integrator for analogue 
type input signals 


@ A Digital Voltmeter 


@ An Analogue-to-digital converter 


IR/AJGAIL) 








SA503 


@ Available as a portable bench unit 
or as standard rack mounting units 


@ Fully transistorised 


SPECIFICATION 


Input: 

Voltage ranges: 0-5V, 5V, 50V, SOOV dic 
Input impedances: On 0-5V range — nomin- 
ally greater than SMQ. On other ranges 
20,0002 per volt or higher with external 
attenuator. 








Price ex works £145 net 


Output: 

Frequency: 0 —5 kc/s (full scale). 
Amplitude: 0 —8V peak-to-peak 
square wave, continuously adjustable. 


Impedance: 2kQ (maximum) 


Send now = Publication 179D gives complete technical description and specification 


Veo INSTRUMENTS LIMITED 


BRACKNELL - BERKSHIRE - ENGLAND .- Tel: Bracknell 941 - Cables/Grams: RACAL BRACKNELL 
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S Univer Sal 


| é 


Relay = 


breaking off 
lobes 


Break-off lobes allow any 
required periphery— ; 
cut time and expense : 
of new cams for . i 

' 


? 


experimental applications 


The Universal Cam 
e 
The Universal Cam, for use with the GEC 3 
Ratchet Relay, has been designed to obviate 
the time and expense of making fresh moulds 
where only small quantities of non-standard 
cam are required. Simply by breaking off 
the unwanted lobes with the tool provided 
(see illustration), the periphery of the cam 


may be made to any required shape 


Everything for Telecommunications GS GS “hy 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
TELEPHONE WORKS - COVENTRY - ENGLAND 


Works at Coventry - London : Middiesbrough : Portemouth 
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Electronics 
Limited 











ELECTRONICS LIMITED 
Station Wharf Works 
Alperton 

Middlesex 


WEMbley 1191 
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GERMANIUM 
POWER 
TRANSISTORS 


are best selected from this chart 


— then you should contact the MULLARD technical information 
service, who will give you all the data you need to confirm 
your choice. 


80 
60 
47 on 
ny 


vA OC 22 23 24 1A 
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RED is maximum allowable col Here is a guide to recommended applications: 


py pikes sesceNs * OC22 for high quality industrial audio 

BLACK is maximum allowable collector-base % OC23 for ferrite memory core drive 

ey ee *%& OC264 for r.f. power applications 
*% OC28 for d.c. converters (24V version) 
*® OC29 for extra high gain 
*% OC35 for general purpose, low cost application 
* OC36 for general purpose, high power audio and d.c. converters 

(12V version) 


semiconductors 


for industry SEMICONDUCTOR DIVISION, 
Mullard Limited, Mullard House, Torrington Place, London, W.C.1. Phone: LANgham 6633 


W) MIS27 
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quietly doing a job 


The photograph above shows a gramophone turntable bank in the 
Sound Control Room at the B.B.C. Television Studios, Lime Grove. 

The arm and pick-up of the GLU9 groove locating units are 
mounted on pairs of SILENTBLOC Square Flange Instrument Type 
Anti-vibration Mountings, whose purpose is to make quite sure that 
no ground vibration interferes with the sensitive instruments and spoils 
absolute perfection of reproduction. 


The B.B.C. are one of the many “perfectionist” customers who 
choose SILENTBLOC Instrument Mountings to do an exacting job. 


SILENT BLOC Spares 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 


Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 
Andre Rubber Co., Ltd., is another Silentbloc company. Silentbloc products are also manufactured by Silentbloc (Australia) Pry. Led. Melbourne. 





ERICSSON TELEPHONES LTD - HEAD OFFICE - 22 LINCOLN'S INN FIELDS - LONDON, WC2 
=u 
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ELEGTROLUMINESCENGE 


moves out of the laboratory 


As far as we are concerned electroluminescence has ceased to be just an 
interesting phenomenon—its use is now a practical reality, which lends itself 
particularly well to data readout applications. For example, all of the characters 
on the left can be selected at will from one P40 PHOSPHOTRON’*®. 


There are no lenses, no lamps, no moving parts—this is a solid state device with 
practically no running costs, plus of course extreme reliability. Further, cost per 
character related to height and variety is considerably cheaper than any other 
available readout device. 


The elements constituting the characters are deposited within 4” of the front 
surface, each occupying the same area, which results in an extremely wide-angle 
viewing, in-line, co-planar display. In the P40 the characters are approximately 
4° high giving a readout at distances of up to 200’. 


The thickness of the device is less than #° which means a vital saving of 
valuable installation space 


For more personalized digital displays Type P21 (1° characters) is also in 
production 


P40 BRIEF ELECTRICAL AND MECHANICAL DATA 


Maximum operating voltage 250V 
Normal operating voltage 240V 
Operating frequency range 50 to 1000 c.p.s. 


Current consumption per element— 
(Nominal at 240V /50 c.p.s.) 60.As 
(Nominal at 240V /400 c.p.s.) 500..As 


Surface brightness— 
(Nominal at 240V/50 c.p.s.) 1ft.L 
(Nominal at 240V /400 c.p.s.) 8 ft. 


Maximum length 5.50 in. 13.97 cms. 


Maximum breadth 4.00 in. 10.16 cms. 


Maximum thickness 0.375 in. 0.953 cms. 


*Phosphotrons (Ericsson Trade Mark) are standardised 
components available with green, biue or yellow luminescence. 


For more detailed information please write to 


TECHNICAL SERVICES DEPARTMENT 


PHYSICS DIVISION 


BEESTON NOTTINGHAM 
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FOR 
PRINTED 

ALTA 

AND 
COMPONENTS 4: 


TWO-FACED C/RCUITS 


Makes fault location 
easy. Developed and 
patented by 

Mills & Rockleys, the 
two-faced circuit 
speeds assembly, 

and reduces errors 

in production. 

One side of the 
laminate is a normal 
printed circuit. On the 
other side, the circuit 
is colour printed in 
reverse, together with 
positions of components 


Reverse side with component detail 


and circuit replica colour printed. to be wired in. 


TECHNICAL 
DESIGN 
ay a df oF 
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Machine CAPACITY available 


FOR THE MANUFACTURE OF ANY 


PLASTIC fodiuc 


FOR ANY 
INDUSTRY 


CERAMICS 


acneen® 


CAPACITY;— 
1. Plastics 
(a) Injection Moulding to 10 Ib by weight 
and all materials 
(b) Compression and Transfer. All phenolic 
urea and dough moulding compounds 
(c) Blow Moulding off thermo-piastic 
materials 
(d) Vacuum forming. 
(e) Extrusion (all kinds of sections and 
rounds) 
(f) Lay flat blown film 
. Ferrous and non-ferrous machined and 
pressed parts 
Spraying, Embossing and Printing on 
plastic 
. Complete assemblies 
‘ Tools designed and made. 


We have skilled 
en€ Technicians 
dren tosrve YOU / 


The CO-ORDINATORS SERVICE 


(ENGINEERING) LTD. 
SHADY LANE - BIRMINGHAM 22A. Phone GREat Barr 4237 


IF IT’S PLASTIC WE CAN MAKE IT 
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WIE IDOIN T INOW. 


... the pattern of glass usage in the electronics industry ... 
how many different kinds of glass are used... what it is 
mostly used for... orall the possible applications you have 
for it. But we do know how to make the finest glass avail- 
able, whatever your needs. If these are for optical or other 
technical glasses, we’re experienced enough to know the 
right answers, and would like to hear from you. 


CHANCE-PILKINGTON OPTICAL WORKS ~ [- Pilkington Brothers Ltd - Glascoed Rd - St. Asaph - Flintshire - Gt. Britain 
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NEW VINKOR SERIES 


Covers frequencies from 100 Ke/s to 


A new series of Vinkor adjustable pot 
cores has been developed by Mullard for 
use in the frequency range 100 kc/s to 
2Mc’s. This series isin addition to the highly 
successful group already widely used for 
frequencies between 1 kc/s and 200 kc/s. 





The world’s most efficient pot core as- 
sembly, the Mullard Vinkor gives a choice 
of 3 permeabilities and has exceptionally 
high performance and stability. Write today 
for full details of the wide range of Vinkors 


now available. 


ADJUSTABLE POT CORE ASSEMBLIES 


Kas MULLARD LTDO., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C,.1. 
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The PATTERN 
of PROGRESS 
POINTS to 


OLVERN 


lilite Wound 
POTENTIOMETERS 


The search for greater accuracy is never ending and Col- 
vern have for 30 years led the way in the development of 
Precision and Standard Wire Wound Potentiometers. The 
world’s most extensive range by one manufacturer include 
Standard, Sealed Tropical, Helical and Sine/Cosine Types, 
many with Cam-Correction devices. 


iMustrated is one of such 36 Basic Types 


C.L.R. 96/00 BRIEF SPECIFICATION 


RATING 5 watts 
RESISTANCE RANGE 12,500Q—50,00012 
RESISTANCE TOLERANCE 5% 
LAW ACCURACY 05%, peak to peak 
MAX. WORKING VOLTS. 

SPINDLE TRACK 1,000V D.C. 
MAX. STARTING TORQUE 25 oz/in 
MAX. GANGED SECTIONS 3 


Expert advice on your particular problem from 


OLVERN Ltd., Spring Gdns., Romford, Essex, England 


Tel: Romford 62222 PBX 
Telegrams and Cables: COLVERN PHONE ROMFORD 
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Refer to Bulletin No. SR2005 
LATEST VACUUM 
DEPOSITION PROCESS GIVES: 


@ High inverse voltages, 26, 33, 36 volts @ High current density, 26 amps. (F.W.) for 
R.M.S. per plate a 6” x 74” plate. 
@ Maximum rectified power for given vol- 
@ High temperature operation up to 45°C ume 
ambient with no derating. Satisfactory @ Proved reliability by unique bellows spring 
operation up to 100°C contact. 


INTERNATIONAL RECTIFIER CO. creat caran LTD. 
OXTED - SURREY - ENGLAND 


Tel. OXTED 3215 


BRITISH ASSOCIATE COMPANY OF INTERNATIONAL RECTIFIER CORP CALIFORNIA USA 
The World's Largest Supplier of Industrial Metal Rectifiers — Selenium, Germanium and Silicon 
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specify 


gold 
bonded 
germanium 


diodes 


HG5003 is designed to meet CV7127 
Fast recovery and low hole storage 
High forward conductance 

Low reverse leakage 

High peak inverse voltage 


* 
* 
. 
* 
* 


Made in Glenrothes, Scotland, the Hughes range of 
silicon and germanium diodes are subminiature devices 
with extremely stable electrical and mechanical 
characteristics. These diodes are specially designed 
and constructed to meet the most exacting require- 
ments of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature 
one-piece glass envelope to ensure complete isolation 
of the active elements from damage or contamination, 
The small size, combined with rigidity of construction 
and small mass of the elements, enable them to 
successfully withstand physical shock and vibration. 


Qualified engineers in our Research and Development 
laboratories at Glenrothes are available to help with 
your application problems. 


Continuous ratings 25°C Characteristics 25°C 





Max. Reverse Volts Max. Forward Current Max. Volts Drop Max. Reverse Current 


100 80 mA 8v @ 100mA 5uA @—50V 
80 mA 8 v @ 100mA 5uA @—50V 
80 mA 8 v @ 100mA 25uA @—50V 
80 mA 8 v @ 100mA 25uA @—50V 
80 mA 8 v @ 100mA 50uA @—50V 
80 mA 8 v @ 100mA 50uA @—50V 
80 mA 8v @ 100mA 5uA @—30V 
80 mA 8v@10mA  2%uA @—30V 
8 v @ 100mA 








Home and Overseas enquiries to: 
HUGHES INTERNATIONAL (U.K.) LTD 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX - HOUNSLOW 5222 
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Ray TERMINAL 
BOARDS 


MOULDED 


INSULATORS 


Harwin make components—specialise in components. Lugs, 

moulded insulators, terminal boards and chassis furnishings. 

‘ Off-the-shelf’ or to special design. 

The quality of every Harwin component is the product of experienced, 
precision manufacture and rigid inspection—meeting, and 

in many cases surpassing standard specifications. In addition, 

Harwin service and specialisation in fulfilling individual needs is something 
to be experienced—talk over your component problems with Harwin 

and be sure of the best and most effective answer. 


SERVICE AND QUALITY 


HARWIN ENGINEERS LTD RODNEY ROAD PORTSMOUTH - HAMPSHIRE - Tel: Portsmouth 35555 (4 lines) 
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Before 


specifying’ 


materials 


consult 


this record 


Design with Nickel-containing MAGNETIC MATERIALS 


Send for a free publication ‘Nickel-containing Magnetic Materials’ 


> tHe INTERNATIONAL NICKEL COMPANY (MOND) LIMITED THAMES HOUSE MILLBANK LONDON SwWi1 
LEC ne 
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A ceramic filter element with impedance coupling properties! 
Utilizing the piezo-electric effect in lead zirconate titanate 
ceramic, the TRANSFILTER®* provides a low-impedance 
highly-selective tuned circuit especially suitable for i.f. circuits 
and filter applications. 

The Brush ‘Clevite’ TRANSFILTER combines ideally with 
transistors in the trend for miniaturization. Designed for use 
with printed circuits, the TRANSFILTER requires no initial 
or periodic frequency alignment and is unaffected by shocks 
exceeding 100 g or temperatures up to 200°C. 

Write for the TRANSFILTER leaflet, which gives details 
of types available for 455, 465 and S500 kc/s operation in 


interstage coupler or emitter by-pass applications. 


Regd. Trade Mark 


CRYSTAL CO. LTD. 


= CERAMICS 


HYTHE - SOUTHAMPTON ‘HANTS: Phone: HYTHE 3031 
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SILVER STAR 


Square section 


CAPACITORS 


for transistorised circuits 





Something new in silvered mica capacitors — new in 
the Silver Star range! 








Designed specially for transistor circuitry, these mini- 
ature square-section capacitors are particularly useful 
when the component density is high. 


And they are ideal for printed circuits, for they can be 
cemented to the circuit board — a big advantage when 
acceleration forces are high. 


Two sizes (A15E and A25E) together cover the capacitance 
range from 33 to 20,000 pF. For values above 6,000 yuF the 
capacitance tolerance can be as close as +1 per cent. 











@ Square section ®@ Fired construction for maximum 
long-term stability 


@ Synthetic resin encapsulated 
@ ideal for printed circuitry @ jgeai for “high 9" applications 
@ 6O voit rating @ Silver Star © quality 





Full technical 
information available 
on request. 


One of the specialised products of 


Johnson 4» Matthey 


JOHNSON, MATTHEY & CO., LIMITED 
73-83 HATTON GARDEN, LONDON, E.C.! 
Telephone: Holborn 6989 

Vittoria Street, Birmingham, |. Telephone : Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone : 2921/2 
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INCREASES PRODUCTION EFFICIENCY IN INDUSTRY’: 


Small control box containing 
loudspeaker and controls for the 
Pye (PTC 2107) Ranger 
V.H.F. A.M. Mobile Radio- 
telephone made by Pye Tele- 
communications Ltd., Cam- 
bridge, in which a number of 
components made from ‘Fluon’ 
p.t.f.e. is used. 


Main transmitter unit for the Pye 
(PTC 2107) V.H.F., A.M. Mobile 
Radiotelephone, made by Pye Tele- 
communications Ltd., Cambridge, in 
which a number of components made 
from ‘Fluon’ p.t.f.c. is used. 


Pye use ‘Fluon’ components for 
maximum reliability in 


‘Ranger’ V.H.F. radiotelephones 


Pye ‘Ranger’ v.h.f. radiotelephones are designed for con- 
tinuous operation under the worst possible climatic con- 
ditions. To ensure maximum reliability, Pye use a number 
Mobile 1 Ridiehohens suite = of components made from “Fluon’ p.t.fe. in these sets. 
Pye Telecommunications Ltd., ‘Fluon’, which is an I.C.I. plastic material, is the best of 
Cambridge, in which several com- all solid dielectrics, with a very low power factor and 
Baers’ made from ‘Fluon’ p.t.f.c. permittivity, and is a very good insulator. In addition, 
‘ ‘Fluon’ is tough, flexible, chemically inert and has a surface 
to which very few substances will stick. 

These remarkable properties alone would have made 
‘Fluon’ of supreme value to the electrical and electronics 
industries. But ‘Fluon’, in addition to its reliability as an 
insulator and dielectric, is unaffected by water or water 
vapour. ‘Fluon’ has a working temperature range of from 

+ 250°C down to at least liquid nitrogen temperatures. 


oe ee Oe Oy “ae 


*Fluon’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by 1.C I 


IC] 


PF 72 
) (MPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON SW1 
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HIGH RESOLUTION RECORDS 


* WOODHILL’S 


MINIATURE GALVANOMETER RECORDERS 


Type 9 35mm. Type 15 60mm. Type 18 70mm. 
9 CHANNEL 15 CHANNEL 18 CHANNEL 


THESE HIGHLY DEVELOPED OSCILLOGRAPH FILM AND PAPER’ TRACE 
RECORDERS WILL MEET THE MOST EXACTING DEMANDS OF THE MODERN 
RESEARCH TECHNICIAN. 


DESIGNED FOR HIGH RESOLUTION, UNIQUE IN SIZE, DEPENDABLE AND CONVENIENT 
IN USE, THEY ARE INDISPENSABLE FOR THE MOST DIFFICULT RECORDING PROBLEMS 
WHERE HIGH EFFICIENCY INSTRUMENTS ARE A SINE QUA NON. 


DESIG N. WE DESIGN AND MANUFACTURE RECORDING INSTRUMENTS 
AND ALLIED EQUIPMENT TO CUSTOMERS’ SPECIFICATIONS. 


WOODHILL ENGINEERING CO. LTD. 


TROUT ROAD, YIEWSLEY, MIDDLESEX Telephone: WEST DRAYTON 2892 & 3168 
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miniature 
water 
rotary 
switch 


SMALLER 
THAN 


a half-penny 


This entirely new switch, developed by NSF—OAK, brings far greater flexibility and 
reliability to ‘‘miniature” circuits. Available in single or multi-bank with provision for 18 
contacts per wafer. Printed circuit or conventional soldering tags according to application. 
Write for Engineering Bulletin No. 9. 


Licensees of Oak Manufacturing Co., 


=== Chicago, U.S.A. 


q ‘The Switch People’ 


NSF LIMITED: KEIGHLEY - YORKS 


A Member of the Simm Grouo of Companies 


SALES OFFICE: 31/32 ALFRED PLACE, LONDOS. W.C.7 Telephone: LANgham 9567 
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MINIATURE STABILISED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250 

Regulation : 015% 00257, 0-025%, 

Voltage stabilization Ratio : 0-1/5 0-075/5 0-075/5 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 63V, 2A at each socket 

Size 2 5° x53" x 53" PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 
By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. ictancies:tionsirt toe, Pat Mall fx, .¥. 











small capacity 
Injection Moulding Machines 


The APM Company are specialists in the field of small capacity thermo- 
plastic moulding machines for experimental work, small production 
runs, Educational and Laboratory work and small component mouldings. 


Our new range of machines include :— 


APM 22—redesigned } oz capacity, hand-operated machine 
with interchangeable cylinders and a selection of vices. 


APM 28—New | oz capacity hydraulically operated machine i 
capable of 200 shots per hour at pressures up to 20,000 Ib/sq. in. 


ADAPTER UNITS—Pneumatic or hydraulic adapter units 
to convert the APM 22 and APM 21 machines to power operation. 














For literature and prices write to: 
ASMIDAR PLASTIC MOULDING MACHINES LIMITED, 





10 Tachbrook Street, London, 8.W.1. Tel: ViCtoria 5554 
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Germanium PNP Alloy Type TRANSISTORS 


2826 For Audio Frequency Power Amplification 2SB56 For Audio Frequency Power Amplifier Service 


2845 For intermediate Frequency Amplifier Service 2S8189 For Medium Power Output Service 


2852 For Converter Service Germanium PNP Alloy Type DRIFT TRANSISTORS 


2SA49__—s For Intermediate Frequency Amplifier Service 
2SA57 ~—s For High Frequency Amplifier Service 


23008 For Sultsbing Purpese 2SAS8 For High Frequency Amplifier Service 


2SA52 For Converter Service 2SA59 For High Frequency Amplifier Service 
2SA53__—s For Intermediate Frequency Amplifier Service 2SA60 For Converter Service 

2SB26 For Audio Frequency Power Amplification 2SA92 For Local Oscillator Service 

2SB47 ~=Low Noise Factor with Audio Frequency Amplifier 2SA93 = For Mixer Services 


28854 For Low Frequency Amplifier Service 2SA175 For High Frequency Amplifier Service 


oshiha For complete information, write to 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Jopan 
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Shot Blastins 


where you want it- 
when you want it 


Guyson give you versatile Light Industrial 
Shotblast Cabinets. These virtually self- 
contained units can be easily moved to any part 
of the production line, to clean, de-scale or 
matt-finish components in metal, glass, plastics, 
ceramics, etc., saving valuable time. The biast 
gun, operating at pressures from 30-150 p.s.i., 
will handle abrasives of all kinds ‘from ‘fines’ to 
20 mesh, and special grains for the latest de- 
flashing techniques on plastics, or metal 
sheening processes. The Guyson range of 
machines gives you a wide choice of Bench 
Models, Floor Models, Sit-Down Machines, etc., 
covering all phases of light industrial shotblast 
requirements. Why not send for Bulletin 


400-20(C) today and learn how Guyson equip- Gu son 
ment can help your production = R 
Mustrated is the Model 400 29. 


See us at the GUYSON INDUSTRIAL EQUIPMENT LTD., 


HANOVER FAIR - Stand No. 2009 
Halle 8 North (30 April—9 May) | | NORTH AVENUE, OTLEY, YORKS. Tel: OTLEY 2456. Grams: ‘GUYSON OTLEY’ 


-— mene 
oo weer inane 


RIC A WR &S& HH A L. L. 
=e 


STABILISED TRANSISTOR 
POWER SUPPLIES 




















0-30V Continuously Variable 


| Amp Continuous Rating at 
all Voltages 


Ripple approx. | Millivolt 
Peak-to-Peak 


Twin, Type 221, £99 Single, Type 222, £59 
(suitable for rack mounting) (10 Amp, Type 223, also available) 
Protection Circuits optional extra 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 


a a CAMBRIDGE, ENGLAND 


Enquiries to Sales Department 


EE 32 172 for further details 


ELECTRONIC ENGINEERING APRIL 1961 





EE 32 173 for further details 


This new counter is fast, 
compact, reliable-costs less 


Series F.43 magnetic counters 


will operate up to 

3,000 counts per minute 
—are reliability proved over 
400 million operations and, 
even with electrical reset, 
are smaller than 

most counters 


of comparable performance. 


Unequalled electrical and mechanical Compact size, plug-in diecast construc- 
flexibility is now available at a price tion, socket-box dovetailing design and 
competitive with lower performance accessories such as optional flush 
counters. Six digit indication, optional mounting frame simplify installation 
pushbutton or electrical reset and a and offer unequalled flexibility for 
wide selection of preferred operating individual or multiple installations in 
voltages minimise application problems. desks, panels and mimic diagrams. 





Flexibility shown by plug-in flush mounting and dovetailed stack 





The Hengstier Series F.43 electro-magnetic counter (patents pending) is marufactured in Western Germany by J. Hengstler K.G., Sole agents for this counter in the U.K. are 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 


~_ RUGELEY - STAFFORDSHIRE - ENGLAND Mf Mero! Industries Group 
Manufacturers of the world's widest range of industrial electronic control equipment 
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IT COSTS NO MORE 
TO BUY THE BEST 


Specify WESTON 
on your equipment 


The demand created by the high 
quality of Weston meters is such that 
production techniques can be em- 
ployed which enable these outstand- 
ing instruments to be produced at 
competitive prices. 


There can be no finer 
advertisement for your equipment 
than the name “‘Weston’’ 
on the meters installed 


“ Advance Components Transistorised Counter Type TC.l, 
used for time, frequency and periods measurement 
SANGAM™MO Weston LiMIiTeod-+- BnNnFtieurconemMioox 


Telephone: Enfield 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield. owt? 





4 


BOL ToONw’s 


H.C.COPPER 


STRIP, SHEET, TAPE 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled 


and sheared. Sheets up to 10 ft x 4 ft in any thickness over in os THOMAS BOLTON . 
 & SONS LTD ey 
Head Office: Mersey Copper © 


Be ~ Works, Widnes, Lancashire. 
Annealed strip for generator and transformer windings, etc , with ~~~ ‘Tel.: Widnes 2022. 


thinner sizes 6 ft x 3 ft or 4 ft x2 ft 


square or rounded corners, or with rounded edges; Bolton's specialize : ~~. London Office & Export Sales 
i cS » Department ; 
in the production, in suitable sizes, of long jointless lengths eee - 168 Regent Street, W.1. 


Tel.: REGent 6427. 
weighing up to 18 cwt Hard-drawn and semi-hard-drawn strip in coils 


wOM 4 
Van! 


or in straight lengths; supplied in special tempers, to close tolerances, telhie). 


arid on drums, when required. Foil down to 0.00! in. by 3 in. wide. 
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NASHTON 


voltmeters 


to Reduce Inspection and Test Costs in Laboratory and Production 


1, 3, 10, 30, 
AC/DC 100, 300V, AC 
Valve 
Voltmeter DC as for AC 

plus 1000V seaman 


3% 








20M:2 43 

DC Valve 1, 3, 10, 30, balanced or 1° 

Voltmeter 100, 300 1, 0.3, 1, 3, sere and | 24 

Microammeter 1000V, DC ’ ’ a our 
unbalanced stability 








Sensitive 30, 100, 300mV 3M 
Valve 1, 3, 10, 30, 100, 35 pf 
Voltmeter 300V, AC . 


+3”, 








: 102 to 1MQ 10M) for | 
Universal! hy I 4 ranges, 3V voltage 10M{Q) to} 
DC Meter ’ DOC test potential 1 KQ for current! 


























The NASHTON Range — your requirements at a glance 


Look at the performance of these four NASHTON Voltmeters, 
then look at their prices—they are of outstanding value for 
money. But that’s not all—they bring a new economy to 
production inspection and laboratory tests by speeding them 
up. They are designed for ease and simplicity of use and for 
rapid, mistake-free, repetitive readings under realistic work- 
ing conditions. Invest in NASHTON accuracy at NASHTON 
Economic Engineering prices—speed up the vast bulk of your 
work by quick, dependable, time-saving readings. 


TEXAS 
Instruments Limited “Se NASH TON Voltmeters in their Quality Assurance Department for Production Inspection. 


NASH & THOMPSON LIMITED 


Hook Rise South, Tolworth, Surbiton, Surrey Telephone: ELMBRIDGE 5252 
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CAYTEL 


STABILISED D.C. POWER UNITS 


AS LARGE AS 30 KILOWATTS 
OR AS SMALL AS A FEW WATTS! 


FOR ALL TELEPHONE APPLICATIONS 
APPROVED FOR P.O. USE 


UNAFFECTED BY WIDE VARIATIONS OF FREQUENCY 
INPUT VOLTAGE AND LOAD CURRENT 
BETWEEN MAXIMUM AND ZERO 


FREE FROM CYCLIC MODULATION 
HIGH EFFICIENCY 


SUITABLE FOR USE WITH GENERATORS HAVING 
A TYPICAL 30 KILOWATT FREQUENCY FLUCTUATIONS OF +20% 


STABILISED D.C. POWER UNIT NO MOVING PARTS OR VALVES 


CAYSON ELECTRICS LTD. 


WATFORD 


Telephone: WATFORD 27452, 29159, 27156 














VEEDER-ROOT When you need 
COUNTING SPEED 





INSTANTANEOUS 
RE-SETTING BY 
PUSH-BUTTON 
OR SOLENOID 














Send for technical information. Specify VEEDER-ROOT Quick Reset, High 
S Speed Magnetic Counters 


The 1585 (Manual Reset) and the 1557 (Electrical 
VEEDER-ROOT LTD Reset) are designed for accurate, dependable, remote 

indication of machine operation, or for counting 
Division W articles at high speed. Speed is 3,000 counts per 
King Henry’s Drive New Addington Surrey minute, manual or electrical reset, 6 figures. Made 
Telephone Lodge Hill 3344-6 for panel mounting. 
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Accurate oscillograms from up to !2 separate sources 


immediately visible on one recording paper 


OSCILLOMINK 


an advanced multichannel oscillograph 


Where great accuracy in industrial or scientific Direct writing by jet 
method 


measurement is vital, and particularly where Immediately visible 


43 F P records 
rdin tre is ssa or a 
one recording centr necessary for 1000 cps 


number of activities, the Oscillomink is indis- 2 to 12 channels 
6 standard paper speeds 


Speeds up to 2 metres 
per second by means of 
special attachment 


pensable. Up to 12 channels can be operated 
simultaneously without disturbance to indivi- 


dual readings, even where they cross or coin- Linear frequency 
response 


cide. Other models offer 2, 4 or 8 channels. Rectangular co-ordinates 


SIEREX LTD Write or telephone today for details 


241 Tottenham Court Road London W.!I Telephone: LANgham 2464 
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Good Companions in the Electronics field ! 


yum Copper WAVEY' WASHERS 


&, % 
a Beryllium Copper “PEARLY KING’ 
non-magnetic SPANNERS tmssee worst cso” 


In’addition to “Wavey’ Washers in sizes 10 BA to ?” BSF, we are now 
able to supply also in Beryllium Copper specially for the Electronics 
industry, ‘Pearly King’ non-magnetic gold-plated spanners in a 
handsome plastic case as illustrated or individually. Six 
spanners are in sizes 11 BA to 0 BA, Price £2.2.0 per set. 

Direct from the makers or from their London Office. 


LEAVE IT TO 


as 
ClLUUIS 
OF REQOITCH 
SPRINGS, PRESSWORK 


AND WIRE FORMS TO 
FINE LIMITS 


* Send 2/6 P.O. for 
our 40 page booklet on 
spring design with full 
technical data. It is an 
invaluable reference for 
your design department. 


THE LEWIS SPRING CO., LTD. 
RESILIENT WORKS, REDDITCH 
London Office: 

122 High Holborn, W.C.1! 

Tel: Holborn 7470 & 7479 





There isa 


MULTICORE SOLDER 


for every appl 


ERSIN MULTICORE 5-CORE SOLDER 


Tercneiele 


The A.I.D. approved type 362 flux, incorporated in Ersin 
Multicore 5-Core Solder, is very effective on heavily oxidised 
surfaces and often allows the use of a lower tin content alloy. : P 


Ersin Multicore 5-Core Solder is supplied on 7 Ib. reels in 
9 standard gauges and 6 alloys. Even gauges from 24-34 s.w.g. 


(left) after 10,000 joints with Savbit. 
(centre & right) after 1,000 and 7,500 


are available in 2 alloys on 1 lb. and 4 Ib. reels. joints respectively with standard tin| 


PERCENTAGE OF LEAD (meurinc pow oF Lean 327°C) 
00 ae ud “ S % 40 


lead alloy. 


PRINTED CIRCUITS 





CONSTITUTION OF ALLOYS OF 
ERSIN MULTICORE SOLDER 


The diagram shows that all 
the standard alloys of Ersin 
Multicore Solder have a 
ee range, i.c., on heating 

are pasty between the 
peer and liquid states. Prac- 
tical cupsulente has shown 
that there are advantages in 
having a plastic range, e.g. 
for tag jointing where the 
use of 60/40 alloy obviates 











fractures which may occur 


Leaflet P.C.L. tor gives full 
details of a complete soldering 

rocess developed by Multicore 
Eaborsterien for printed circuits. 














with other alloys where there 


is slight vibration while the PERCENTAGE OF TIN (mecrinc rowr oF vm 2320) 


solder is setting solid. 


MULTICORE SOLDERS LIMITED 
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SAVBIT TYPE 1 ALLOY 

Made under sole British Licence of 
Patent No. 721,881. 

Savbit Type 1 alloy was developed 
after extensive research in the 
Multicore Laboratories into the 
main causes of bit wear. It incor- 
porates a small percentage of 
copper which prevents absorption 
of copper from the bit into the 
solder alloy. After prolonged 
tests, it was found that the life of 
solder bits was increased b 

to 10 times. The speed of alae 
ing is not affected. 


SPECIAL ALLOYS 


4 special alloys can be supplied 
for particular purposes: 


Comsol em a high melting point 
of 296 


T.L.C. se with a melting point 
of 145°C is made from tin, lead 
and cadmium. 


P.T. (Pure Tin) alloy, with a 
melting point of 232°C, is 
lead-free. 


L.M.P. alloy, with 2% silver 


content, which melts at 179°C 
for silver-coated components. 


PUBLICATIONS 


Laboratory engineers and technicians 
are invited to write on their company’s 
letter-heading for the latest edition 


100 of Modern Solders. It contains data 


MULTICORE WORKS, HEMEL HEMPSTEAD, 


on melting points, gauges, alloys, etc, 


HERTFORDSHIRE 


TA 4902 
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~1 
ELECTRONICS LTD 


SLIP RINGS 


BRUSHES 


COMMUTATORS 


PRECISION 
ROTARY SWITCHES 


IDM ELECTRONICS LTD. 
Whitley Kiln - Basingstoke Road ' Reading 
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It is an odd thought that as we approach 
the possibility of travel into space we seem 
always to be running out of it, yet it is a 
fact that modern developments are need- 
ing such small assemblies that one hardly 
knows where to turn — except, perhaps, 
to folk who are quite used to the idea 
of putting quarts into thimbles. 


ORTIPHONE 


MINIATURE TRANSFORMERS 


This, for instance, is a four-stage hearing 
aid amplifier ... it really is this size! 


And here are some of the miniature 
transformers which already have a 
reputation much bigger than themselves, 
— also in their actual size. 


if you happen to suffer from space 
problems we shall be glad to help in our 
own small way. 


124-126 DENMARK HILL, LONDON, S.E.5 (Dept. T.2) 





RESIN 
IMPREGNATION 





of wire-wound 
components 
under vacuum 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS. Tel: Accrington 35611-2 
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Type Frequency 
No. range Mc/s 
SL 7510 1100-1700 
SL 5815 1550-2500 
SL 5212 2500-4000 
SL 5590 3300-4900 
SL 5174 3800-5900 
SL 7599 4500-7290 
SL 5585 5400-8600 
SL 7100 7050-11200 
SL 5205 8200-12400 
SL 7095 12400-18000 


The photo shows one of the direct reading 
frequency meters. it may be combined, by 
means of the different available basic coupling 
elements, to form various circuit arrangements, 


The SIVERS LAB Direct Reading Frequency Meters enable 
a quick and accurate determination of frequencies in the 
Microwave region. The frequency range from | kMc/s to 
18 kMc/s is covered by 10 models. Each model operates 
over the full waveguide bandwidth, with direct reading 
accuracy better than +0.1%. The frequency meters have 
two coupling windows, to which the basic elements can 
be connected. 


Attachments and remote controls are available to enable 
the Frequency Meter to be included in the interior of a 
system with the control and frequency indication on the 
front panel. 2 


For further information about our programme please write for complete catalogue 


Sales and service: B & K Laboratories Ltd., 4 Tilney Street, Park Lane, London, W.1, Telephone: GROsvenor 4567 
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STAND 3 
WELDING & ASSEMBLY BENCHES | Row x 


Empire Hall 


with air conditioning ... peak 








2 ASE RR. RR 


fitted with 
‘BH’ WELDING HEADS 
and associated 
timing controls 


The illustrations show a variety of 
HED Assembly Benches. These have many applications 
where the assembly of small parts, such as Servo 
mechanism, meters, valves and instruments need to be 
assembled under controlled conditions. Benches can be 
manufactured to suit particular requirements. Full 
information available on request. 


HIRST ELECTRONIC LTD. catwick roan, 


CRAWLEY, SUSSEX. Tel: Crawley 25721-2-3 





A sample from our range of 
servo test gear... 


SERVO TEST SET TYPE 111R 


This versatile instrument can be used as: 


VERY LOW FREQUENCY GENERATOR 
lowest frequency: | cycle/3 hours 


AC CARRIER VOLTAGE MODULATOR 
carrier frequency: 50 c/s - 5 Ke 


SIMPLE HARMONIC RESPONSE TESTER 
for either AC or DC systems 





HIGH SPEED RECORDER 
with response up to 80 c's 





LABORATORY PRECISION VARIABLE SPEED DRIVE: 
with speed adjustment accuracy better than 1% 


%& We also manufacture 
Automatic Nyquist Diagram Plotters 
Transfer Function Analysers 
Very Low Frequency Generators 


SERVO CONSULTANTS LIMITED Stabilised AC Servo Power Supplies 


Control Systems Teaching Aids 


10 BOUVERIE PLACE - LONDON - W.2 Instrument Servo Gearboxes 


Electronic Limit Switches 
Paddington 2811 industrial Control Gear 


ee ee ee Die 
hehehe dade he eee 
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ROBAND 


TRANSISTORISED 
REGULATED 
POWER SUPPLIES 


The Roband philosophy of power 
supplies is to provide exactly your 





0.c. OUTPUT EFrecTivE % VOLTAGE SIZE IN INCHES WEIGHT EX-WORKS Specific requirements in units of 
resistance {) STABILITY x mT 1 Ls. , o 
lasting reliability. Roband probably 


(Mains 200/250¥ AC. 100/125V models ble : 
6-18 0-08 ! 1 53 manufacture the widest and most 
30 men. 0:03 7 comprehensive range of power 


i ' 

50 max 0-05 ' ! 8 

50 max. 0-05 i 1 108 supplies available anywhere today. 
1 1 
f { 


30 max 0-01 134 Unrivalled Roband reliability is 
30 max 0-01 0 17 





built into the power supplies by 
Please order as follows: Type No./Voltage required. For example: T109/45 is a 45 volt 2A unit. 
unstinted use of high grade com- 
T SERIES FRONT PANEL VARIABLE UNITS (Mains 200/250V A.C. 100/125V models available) 
199 0 0-1 1-0 4 5 r 8 59 10 0 ponents, interservices approved 
TIO! 50 ol 13 10s 1% 93 «0 0 wherever practical, and by consis- 
TI02 0-+30 0-05 163 104 103 30 100 0 0 see 3 ° 
T103 30 0-05 13, 10 98 19 8 0 0 tently underrunning them —tran- 
*T104 30 0.08 
+ 50 0-05 
+ 100 0-1 
100 9-07 
+50" 0-0! 
+50 10 0-01 
+30 20-0 0-01 


oO 
“ 


PP 
6 


16) 104 108 30 129 0 0 sistors for example at never more 
16 104 108 30 18006 than 50% of manufacturers’ ratings 
*21; 144 O18 149 0 0 Painstaking Roband engineering 
"21h 144 «112 60 183 0 0 
“21; 18 1a 64 iss 0 0 


*2i1g 204 «134 101 245 0 0 mechanical strength for the severest 
*21; 21 162 139 315 0 0 


TOs 
TI06 
Ti07 
Till 
Tila 
THt3 


Ne N ee eK NK 
ooooc co coco 


ensures ample ventilation and 


w 
eococ oo oo 


° 
eooooooc oo coce 


PRPPPP PPP 


o 


























conditions. 





*P. t and chassis withdrawable to fic 19” rack. tNote that T104 has two independent floating sections. 
nih hss . All outputs are isolated to provide 


highly stabilised positive, negative, 
or floating supplies with negligible 
ripple. 

Open chassis units are supplied 
pre-set to any voltage from zero 
nominal to maximum, a pre-set 
control allowing a small variation. 
Any other voltage can be obtained 
by simple adjustment within the 
unit. 


Made and guaranteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD, 
THORNTON HEATH, SURREY 

Teleph LIVing 6606 
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A.C, OUTPUTS IN 


3 


BESEREEEE: 


vs 


By 














EFFECTIVE %e VOLTAGE 
AMPS. (ALL.6.3v)| nesistance(?/) «stTasnity 


M SERIES OPEN CHASSIS UNITS 


eooooooeocoeocooeocooo-o000e090 


UNITS 


eooooooooocjeo 


Mains 200/250V 


eooooooooooocooooocoeoooccocso 


eoooooococoodco 











SIZE IN INCHES ex-worns 
e: &. -@ 


eoooooooooooooococococococeco 


eoooooocooocecso 
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B SERIES 
Rugged reliable units 


Probably the most advanced series of 
open chassis units available today and 
characterised by an extremely rugged 
construction and a line-up of inter- 
services approved reliable valves. The 
input and outputs terminate on 
Plessey Mark 4 connectors (or any 
suitable alternative if requested) and a 
mains selector panel is included. 


A compact welded rectangular frame- 
work of extruded angle aluminium 
alloy rigidly secures the ‘C’ core 
transformer and the 14 S.W.G. 
chassis housing the electronic sub- 
assembly. Because all the vulnerable 
components are located within the 
framework the risk of accidental 
damage is greatly minimised. 


The framework contains anchor nuts 
which facilitate mounting the units 
in a variety of ways. It is permissible, 
for instance to secure any two units 
side by side to a standard 19” x 7 
front panel. 


High efficiency silicon junction 
rectifiers, series valves operating as 
pentodes and a ‘C’ core transformer 
to H2 specification ensure a minimum 
temperature rise within the unit. 
Insulated carbon and vitreous wire- 
wound resistors are used throughout 
and the conservative design permits 
continuous operation at full load 
even when the mains are permanently 
10% from nominal. 
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M SERIES 
Open chassis units 


Since their introduction some years 
ago, these chokeless supplies have 
firmly established their superiority 
over more conventional circuits. 
Their smaller size—excellent high 
frequency performance and stable 
operation down to at least | c.p.s. 
reliability at elevated temperatures 
and safe operation for +10% mains 
changes—coupled with the highest 
engineering standards confirm the 
“M” Series as the first choice in 
stabilised units. 


Front panel units 


The front panel urits have been 
designed for use with standard 19° 
racks. The panel is finished in 
B.S.S.632 grey (or any other colour 
at no extra cost) and houses the 
handles, mains and H.T. switches, 
fuses and indicator lamps. The input 
and outputs terminate on Plessev 
Mark 4 connectors (or any suitable 
alternative if requested) at the rear of 
the chassis. 


Vv SERIES Regulated 
variable voitage units 


A range of regulated variable voltage 
supplies for use on the bench or 
standard 19° racks. Minimum weight 
and low internal heat dissipation are 
obtained by using chokeless circuits, 
‘C’ core transformers, silicon junction 
rectifiers and series valves operating 
as pentodes. 


V50-5S0. An _ exceptionally stable 
decade controlled 0 to SOOV SOO0mA 
unit. A fixed 250V SO0mA negative 
rail and two 6.3V SA centre tapped 
windings are included. 


Q 
r 
< 
ee) 
\e) 
oa 


The decade system enables the output 
to be changed incrementally with a 
much greater accuracy than that 
obtained by normal methods. 

Price £137-10-0 ex-works 


V5S0-20D A 0 to SOOV 200mA 
(restricted to 150mA below 200V) 
unit of moderate performance. A 
regulated variable negative rail from 
0 to 85V via a 100K potentiometer 
and two 6.3V5A_ centre tapped 
windings are included. A coarse 
control varies the output from 0 to 
500V in one continuous sweep and a 
fine control is included. 


Price £69-10-0 ex-works 





0.c. OUTPUT EFFECTIVE "oe VOLTAGE RIPPLE SIZE IN INCHES WEIGHT €x-wor«s 2V35-25. A very compact unit 
amps. (Act 6.3v)) resistance (2) STABILITY IN mv ixex HT 1M LBS s. oO 
containing several regulated output 
B SERIES RUGGED RELIABLE UNITS (Mains 200 250V AC. & 100 125¥ AC) voltages. There are two 0 to 350V 
250mA_ sections which may be 
operated separately, in parallel or in 
scries. Each section has a coarse 
control to vary the output from 0 to 
350V in one sweep and a fine control 
is included. A fixed 250V 5SO0mA rail 
and two 6.3V5A_ centre tapped 
windings are provided. 


Price £175-0-0 ex-works 


Bi01/1S0 
B101/200 
8101/250 
Bi01/300 
B101/3S0 + 350 
6102/150 + 150 
8102/200 200 
8102/250 + 250 
8102/300 + 300 
B102/350 +350 
8103/150 + 150 
8103/200 200 
8103/250 250 0-500 
8103/300 + 300 0-500 
8103/350 + 350 0-400 


Made and guaranteed by 

ROBAND ELECTRONICS LIMITED 
BEULAH WORKS, BEULAH ROAD 
THORNTON HEATH, SURREY 
Telephone LiVingstone 6606/7/8 


eeoocoooooooooooceo 
ecocoocoocooocococo 
eoooooooooocococ°o 
eceooooooooocooooceo°o 





























APRIL 1961 ELECTRONIC ENGINEERING 





EE 32 191 for further details 


Olympia 


Trebled in size, the Show now moves to Olympia to 
display the products of an industry which produces 
more than one million components every hour of the 
day. 


exhibits include... 


components, valves, tubes, semi- 

conductors, chassis, cases, fittings, 

wires, cables, assemblies and other 

associated products for: 

Telecommunication equipment 

Radio and television receivers 

Tape recorders, gramophone reproducers and 
film equipment 

Amplifiers, “hi-fi”? equipment 

Electronic computers 

Radar and navigational aids 

Measuring instruments and scientific apparatus 

Medical electronic and allied apparatus 

Process control and automation equipment 

Civil and military aeronautical purposes 

Guided missiles and military equipment 


RADIO and 
ELECTRONIC 
COMPONENT 

SHOW 


OLYMPIA - LONDON 
30 MAY —- 2 JUNE 1961 


10 a.m.-6 p.m. daily except 
Wed., 31st May, 10 a.m. -9 p.m. 


Admission: 3/6d. or by ticket obtainable from exhibitors. 


Organisers: INDUSTRIAL EXHIBITIONS LTD. 
9 ARGYLL STREET, LONDON, W.1 
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SENSATIONAL 


TOOLING DEPARTURE 
PRODUCES BLANKS 


AT“KNOCK-OUT”’ PRICES... 
"CROSLAND” 


Low cost t 


Any material 





Crosland “new ¢ 
90% of tool cost. 

















BREDBURY, Nr. STOCKPORT, CHESHIRE 
Tel: Woodley 2621 (3 lines) 


LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E.8 
Tel: CLissold 6701/2 
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The AMPEX FR-600 is an advanced-design data recorder 
with twice the capacity of conventional recorders. Most analogue recorders can 
only record 24 minutes of 100 Ke data on a 14-inch reel of 1 mil tape. 
The FR-600 will record 48 minutes of the same data on the same reel of tape. 
The reason — greater bandwidth at a given speed...125 Ke at 30 ips, 
for example. Many data-runs are 30 minutes or longer, requiring a stand-by 
recorder to pick up where the first leaves off... an expensive price 
for a few extra minutes of recording time. The FR-600 literally does the work 
of two conventional machines by enabling double record time for any 
given bandwidth, or double bandwidth for any given record time 
... 290 Ke at 60 ips, for example. Another cost-saving feature is the tape 


shuttle which automatically scans any portion of the tape, eliminating the need 


for a separate loop recorder. Modular plug-in, solid-state electronics warm 
up in less than 10 minutes, and FM amplifier drift is less than one percent in 

24 hours. Other advanced features of the FR-600 include pneumatic tape 

guiding, tension sensing and control, adjustable search speed and fourteen 
miniature monitor oscilloscopes. For complete information write Ampex Great 


Britain Limited, Arkwright Road, Reading, Berkshire, England. [AMPEX | 
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A.R.W. Transformers are manufactured to the highest 
standard and provide reliable long life service. Up to 
date facilities under modern factory conditions ensure 
competitive prices and quick deliveries. Facilities are 
available for the design and development of special types. 


Write or telephone for illustrated lecfle: 





High Quality— 
Quick Delivery— 
Low Cost— 


TRANSFORMERS 


@ TRANSFORMERS AND COILS FOR ELECTRONICS 
@ POWER TRANSFORMERS 

@ PORTABLE TRANSFORMERS 

@ “C” CORE TRANSFORMERS AND CHOKES 

@ PULSE TRANSFORMERS 

@ SWITCHGEAR TRANSFORMERS AND COILS 


ATKINS ROBERTSON & WHITEFORD LTD 


industrial Estate - Thornliebank - Glasgow Telephone: GIFFNOCK 1031 








WINSTON INSTRUMENTS 





Decade Capacitor Boxes 


Range -001 mfd to 1-11 mfd. 

Zero Capacitance 50 os 

Accuracy : 

Maximum Voltage Eady D.C. 

Terminals Screw type. 

Mounting Metal case and panel. 

Finish Blue hammertone case. Black 


and silver photcetched panel. 


SUB-CONTRACT Write 
for details of full sub-contract 
facilities available for develop- 
ment and manufacture of Elec- 
tronic Equipment and Sheet 
Metal Work. Coil Winding 
facilities. Catalogue of Equip- 
ment on request to Dept E.E. 


ELECTRONICS LIMITED 

























_i_ 


Decade Resistor Boxes 


Range 100 ohms to 111,000 ohms. 

Zero Resistance 0-006 ohms. 

Accuracy 1° 

Maximum Current 10's decade 100 mA. 
100's decade 35 mA. 
1000's decade 10 mA. 

Terminals Screw type. 

Mounting Metal case and panel. 

Finish Biue hammertone case. 
Black and silver 
photoetched panel. 


In addition to the items | featured here the Winston range 
of Electronic E 
*X" BAND SPECTRUM ANALYSER STANDARD METAL CASES 
*S’ BAND SPECTRUM ANALYSER SEMI-DECADE OSCILLATOR 
‘L’ BAND SPECTRUM ANALYSER TEMPERATURE CONTROLLER 
‘L’ BAND SIGNAL GENERATOR VALVE VOLTMETER 





GOVETT AVENUE - SHEPPERTON - MIDDLESEX 


Telephone : Walton-on-Thames 26321/8 Telegrams: Winston, Shepperton 








| Ree AR RRENEETIIREN SCIP 6 is BECO 
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High Vacuum oystoms 
by 


LTD.| 
HIGH VACUUM ENGINEERS 
No. 3 FACTORY 
PERSHORE TRADING ESTATE 
PERSHORE, WORCS. 


HIGH VACUUM OVENS 
Ultimate Vacuum 10-5 Torr 
Temperatures up to 400°C. 
Stainless Steel Chamber 
Internal Heating 
Temperature Measurement 
and Control 

Fully valved and protected 
High Vacuum System 


impregnation 
Equipment 


Cabinet and 
Trolley Mounted 
~~ @ High Vacuum 
® Systems 





Vacuum 
Evaporation 
Plant 





Full Servicing and Leak Testing Facilities 


‘SPEEDIVAC | Geneliad) « 
STOCKISTS FOR 
VIA-VAC | Hieney 
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AMPEX Instrumentation Tapes 
are premium quality magnetic tapes 
designed for analogue recording 
by any of the basic techniques. 
Magnetic properties include high 
sensitivity, and a wide dynamic range 
with a stable output throughout 
the life of the tapes. Exceptionally 
smooth, hard surfaces provide 
cleaner operation with less oxide 
shed, offering greater reliability 
and reduced maintenance. These’ 
tapes are available in configurations 
for a wide variety of applications. 
They are offered on acetate or Mylar® 
backing films, in thicknesses of 0.6, 
1.0 and 1.5 mils, and in various 
widths and lengths. All are supplied 
on high-performance Ampex 
Precision Reels or on NAB-type 
reels. For application information 
write to Ampex Great Britain 
Limited, Arkwright Road, Reading, 


sunnw Berkshire, England. |AMPEX | 
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HUMIDITY 
CABINETS 


Ministry Approved for 
Climatic Testing 








Catalogue No. 755 R Humidity Cabinet with automatic control and refrigeration. 


Heain Humidity Cabinets have been Ministry 
approved for both RCS11 and K114 specifications, 
and are available for (1) climatic testing of 
electrical and electronic equipment; (2) durability 
testing of plastics, rubber, paper, chemicals, 


containers, confectionery and protective coatings. 





* Construction is of stain- * Refrigeration available 
less steel and aluminium on all models 
* Automatic control * Non-standard units to 
* Standard range of sizes special requirements 
18” x 18 x 17 to * Designed for easy 
6’ x 6 x 6’ maintenance 
* Comprehensive auxiliary equipment available 





We shall be glad to demonstrate a cabinet 

in our works, or send you our leaflet L. 12 

HEDIN LTD. Commerce Estate, S$. Woodford, 
London, E.18. 


Tel. BUCKhurst 6601/3. 
WORKS: SOUTH WOODFORD & HAINAULT, ESSEX. 
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G.W.B. 
Lectrodryer 
ends all 


wastage 
through 
humidity 


The G.W.B. Lectrodryer range of air drying 
equipment is being increasingly used as standard 
equipment in many major industrial companies. 
Wherever absolute control of moisture is required, 
where water vapour must be held at constant low 
levels, there is a G.W.B. Lectrodryer unit to 

serve the purpose. A wide range of models is available 
for all atmospheric or high-pressure conditioning, 
very large or very small volumes, for air, gases 
and certain organic liquids. Also 

available are standard dehumidifier 

units for air conditioning. 

G.W.B. Technicians are available 

to help you solve your 

humidity problems. 


Weighs 
only 
70 Ibs! 


and has a capacity of up to 
20 standard cu. ft. per minute. 





G.W.B. FURNACES LIMITED 
DUDLEY - WORCESTERSHIRE 


LEGT RODRYER Tel: Dudley 55455 











ASSOCIATED WITH GIBBONS BROS. LTD. & WILD BARFIELD ELECTRIC FURNACES LTD 


GwB/ 275 
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TH REE YEARS AGO we offered the first SERVISCOPE* to Industry with notabie 


success. Last year we introduced a double beam version and again acceptance was immediate. Now we extend 
the range still further with the new S.42, a high performance version of the original Serviscope with many 


outstanding features. 


@ 4’ spiral P.D.A. C.R. tube operating at 3.7 Kv. 
Increase gain—maximum sensitivity 10 mV. 
Unique extendible light hood. 

Pulse bright-up for single stroke working. 


H.F. synchronisation compatible with Y ampli- 
fier performance. 


Accurate calibrated input attenuator. Wide range calibrated 
time base (down to 5 sec/cm. if necessary). X expansion 
control to 10 dia. D.C. coupled flyback banking. Versatile 
triggering circuit unique to ‘Serviscopes’. Illuminated grati- 
cule. Weight: 18 Ibs. Price: £92. 





Basically the same rugged, lightweight, versatile 
instrument as its well-tried predecessors, the S.42 
has the ability to meet more exacting demands with 
its high writing speed and additional high gain facility. 
Evolved originally for computer development and 
servicing, the S.42 has special applications wherever 
pulses have to be measured at low repetition rates, 
for example, a single shot 1» sec. pulse can be seen 
and photographed. In addition, it has general applica- 
tions throughout the electronics industry. 


<@> 


— 


®*' Serviscope’ is the registered trade mark of TELEQUIPMENT LIMITED 313 Chase Road, Southgate, London, N.14. Telephone: Fox Lane 1166 
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ieee CFF MAA ait sensitive to one hundredth part of 
one thousandth of an inch 


The Fielden Proximity meter is an extremely versatile instrument, enabling 
observations to be made in research and industry which would otherwise be 
impractical. It can be used as a concentricity gauge, micrometer, vibration meter, 


be detected with a high 
i . No 


should be without one. 


measures 
. 28 PAGE BOOKLET 


without 

Write today for this 

physical contact , a cena te 

ment in Research and 
Industry,” Publication 
225/EE, giving full appli- 
cation information and 
technical data. 





Fielden___ 


FIELDEN ELECTRONICS LTD.: WYTHENSHAWE, MANCHESTER. Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester. i indicating 


ALSO AUSTRALIA, ITALY AND CANADA. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. 8. BOLTON & CO., LTD.) 
Agents throughout the world. AND DUBLIN 


Recording 
Control 





Capstan and 
Automatic Work 
and Sheet Metal 
Pressings in any 
Metal, any Finish, 
any Quantity 


GRIFFITHS. GILBART, LLOYD. 


EMPIRE WORKS 
PARK ROAD 
BIRMINGHAM. 18 


ELE PHONE 
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EXPERIMENTAL SPRINGS? 


No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 


etc. 15/-, 


Don’t 


grope here... 


No. 98A. Three dozen Assorted 
1” to 4” long, }” to } diam., 
19G to 15G. 6/6. 


Select your 


springs 


No. 753. Three dozen Assorted 
Light 0 6" Tong, 2 2” to }’ diam., 
2” fo 6” long, to 18 S.W.G. 





No. 760. Three dozen Assorted 
Light Compression Sprin ? 
to 4” long, 22 to 18 S.W.G., 
+’ to 4” diam. 7/6, 





No. 757. Extra Light Com- 
pression, 1 gross Assorted, }” 
to *%” diam., 4” to 24” long, 
27 to 19 S.W.G. 18/-. 





Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking. 





Really interested in Springs? 
“Spring Design and Calcula- 
tions”’ 10th Edition tells all— 
post free 12/6. 








@)% 


Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 
stock—from }” to }*. 








No.758.FineExpansionSprings. 
1 gross Assorted }” to ?” diam., 
#” to 2” long, 27 to 20 S.W.G. 


, wae 


Looking for good Hose Clips? 
Send for a sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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That spring you want... 

in a hurry . . . where is it? 

Pick what you want when you 
want it from TERRY’S BOXES OF 
ASSORTED SPRINGS—our fine range 
of small boxed assortments of 
experimental springs. We can show 
you only a few from the range 
here. Send a postcard for our full 
list—and if ever you’re stuck 

with a spring problem send it 
along to our Research Department 
—they’ll gladly help you out. 


SPRINGS 


HERBERT TERRY 
& SONS LTD 


(Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 


HT3I 
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The ROSA 


PRESS 


i yPRECISION NUT 


(A.PRESSINGS) 


The fastening that 
does not require 


2&-5"|| “RIVETING OVER” 
JOHN SMITH tev. 


209 SPON LANE WEST BROMWICH STAFFS. 
TELEPHONE WES 2516 


“MITRE MILLS RICHARD STREET BIRMINGHAM 7 
TELEPHONE ASTon Cross 2218 (4 lines) 


PARTRIDGE 
C-CORE secrsionncr: 


There are few, if any, industrial 
transformer applications 
which are not covered by one 
of the types in the compre- 
hensive Partridge Range. Our 
scope includes all types of 
electronic transformers, open 
and hermetically sealed, air 
cooled and oil immersed. 
Type Approval Certificate 
No. 1295 for H.S. C-Core 
RANGE. 

New and better types are 





ROSAN PRESS NUT 


The Rosan Press Nut is cheaper, easier and faster 
than other methods of providing tapped holes in 
sheet or plate. 

The same size Rosan Nut is suitable for any thickness 
of sheet “There is no maximum sheet thickness”. 


HOW IT WORKS 


always being added—the 
C-Core Transformer above is 
an example. Whatever you 
need in the transformer field, 
our catalogue should be on 
your desk. Contact us now. 


Wrntage @% 


TRANSFORMERS LTD. 


7 days to produce prototypes 


Telephone us when you need a 
prototype in a hurry. An engineer 
can be with you in a few hours. 


Roebuck Road, Chessington, Surrey. 


EE 32 205 for further details 
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Phone: Elmbridge 67 37-8. 








Drill or punch hole in sheet 
metal to specific diameter. 


Insert smaller flange into hole. 


Apply impact force to exposed 
edge of serrated flange of 
Press-Nut. 


Note that impact flows sheet 
metal into space between 
flanges, locking the Press-Nut 
securely in place. Teeth of 
the serrated flange broach 
themselves into the parent 
metal preventing rotation. 


Leaflet and samples sent on request to the manufacturers: 


INSTRUMENT SCREW CO. LTD 


Northolt Road, South Harrow, Middx. 


TAS/IS-14 


Byron (14l 
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CABLE TROUGHS 


Traditional cable forming methods are costly. Eliminate this 
unnecessary expense by using Datum Cable Troughs. Made of 
20 s.w.g. aluminium, these Troughs are manufactured in 6 ft. 
lengths and are available in two widths—}” and 1}”. They are sup- 
plied in cartons of twelve lengths complete with P.V.C. saddles. 


INSTRUMENT RACKS - CABINETS - CASES 
CONSOLES - PANELS - CHASSIS UNITS 


DATUM METAL PRODUCTS LTD. 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS - WATFORD - HERTS 
Telephone: Watford 22351 Telegrams: Datum Watford 











YOU are invited to apply for a VHF MOBILE AERIAL 
rr cc narmet | TO YOUR SPECIFICATION 


brochure and price list which gives 

Will fit standard aerial bases and supplied 
full details of our wide range of cut to your frequency requirements. 
Pa ang Aerials are used by Police Forces, 

nd Ambulances. 
QUARTZ CRYSTAL UNITS a ee 
% Flexible, yet robust, made of high tensile steel, 

which are renowned for their copper or silver-plated. Plastic cover, corro- 
sion proof. 


Accuracy & Rel iability Please write for details to:— 











THE QUARTZ CRYSTAL Company Ltd. PANORAMA 


Q.C.C. Works, Wellington Crescent, New Malden, Surrey RADIO COMPANY 


Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Malden 73 Bean 8 yg 
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ELGAR PRECISION RESISTORS 


Light weight : Humidity Class HI 
Tolerances 1% to 0.05% 


ELGAR LABORATORIES 
(ELGAR TRADING LIMITED) = Established 1946 
23 Salisbury Grove - Mytchett - Aldershot - England 
Phone: Farnborough (Hants) 2242 Cables: Elgatrad, Aldershot 
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ASHBURTON | 
| PRECISION 
WIREWOUND 
RESISTORS 


These units are encapsulated with conventional resin 
which protects the wire during assembly operations. 
Working temperature range 0°C—100°C. 

Range: 0.1Q—10MQ Rating: }W—2W. 

P RANGE — NYLON EMBEDDED 


Nylon improves physical, mechanical and electrical 
Boma giving maximum possible seal against 
of over a temperature range of —50°C to 


+ dnd 10 2 to 1.6MQ Rating: 2W and #W. 


All units graded by colour in five standard tolerances 
0.05% —1%. 

DELIVERY: Two to three weeks from receipt of 
order. 


For full technical details write or phone:— 
ASHBURTON RESISTANCE CO. LTD. 
72 Brewery Road, LONDON, N.7  Tel.: NOR 1168 


ASHBURTON 
FE precision resistors 
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BRAUER ‘Quick-Action’ TOGGLE CLAMPS 


for the Electronics Industry can be made in special 
Non-Ferrous Non Magnetic materials. Wherever used, 
BRAUER TOGGLE CLAMPS save thousands of 
man hours with their fast, powerful and accurate 
holding. 


BRAZING 


The illustration shows a 
BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet the 
requirements of efficient in- 
duction brazing—quick posi- 
tive clamping and instant releasing—at Radio Heaters 
Ltd., Wokingham. 

This brazing fixture incorporating a BRAUER Clamp has 
achieved considerable saving of time and money in the 
production of meter cases (see inset photograph). 


Send now for illustrated catalogue and 
technical data to Dept. 14 


F. BRAUER LTD - HARPENDEN - HERTS 
Member of the Cope Allman Group 
{Makers of Europe’s largest range of Toggle Clamps 


Fws 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. « » with universal fixing centres 





For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost, 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 

%* CORE: Wound from acontinuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 
WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde + 

resin type, giving good space factor, exceptionally high Write for list 615A 
abrasion resistance and prolonged heating resistance. : I @ pe pe Pegse i 
FRAME: Of die cast aluminium, incorporating long spindle : a } A ; dé models in the Rotary 
bearings and mounting feet to ensure accuracy and rigidity : Speaintepensanee asi: Regavolt range. 

of the mechanism in relation to the fixing holes. ; enevieht cretener ennimieern Ob, ©: 
BRUSHES: The brushes are of a special carbon for its = jt el MIDDLESEX ee 
contact resistance characteristics, shaped to give minimum Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 


BRIS41-BxH 




















fe 
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Jatield Wide Band 


D-C AMPLIFIERS 


DOUEATUOUAUOVEVAU AEA ADATADAGOEAUUEAEOEAUUEAEUEUEO AGED EU AEA E ATAU TUNNEY 


4) 
al 


The D.C. Amplifier Type LE. 490 amplifies Data 
Signals from D.C. to 10 kc/s and is primarily 
intended as a driving medium for high frequency 
mirror galvanometers of a type encountered in 
current telemetry practice. It is, however, suited 
to a number of varied applications requiring a 
D.C. Amplifier of high input impedance, wide 
frequency range and rugged construction. 


@ Input impedance 2 Megohms. @ 10 Kc/s. Bandwidth. @ Sensitivity 
2-5 to 250 mA/V. +120 mV. input gives +30 mA. into 75 ohms. @ Gain 
adjustable in four steps of 10 db. each with continuous 10 db. Variation 
of each step. @ Hum level—50 db. @ Linearity within 2%. @ Integral 
power supply permits individual amplifiers to function at different D.C. 
levels. @ Needs only 5}” rack space. @ Metered Zero set. 

The wide range of high quality Hatfield Instruments 
includes 


@ Write for full details of this and other Hatfield instruments. R F Bridge 
Stabilized D.C. Power Unit 
Variable R F Attenuator 


ry A.C. Power Supplies 
. Transistorized Temperature Controlier 
. Coaxial Switches . Valve Millivolemeter 
LTD 


. Balanced Crystal Modulator 
First with Wide Band R.F. Transformers DEPT. EE BURRINGTON WAY - PLYMOUTH +: DEVON 
Telephone: Plymouth 72773 Telegrams: SIGJEN PLYMOUTH 














INSTRUMENTS LTD 
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WHY PICK ON US? 


e+ « @ question with many answers) 


FOR SKILLED GAPAGITY AT LOW COST 


Because our business is wholly and solely sub-contracting—we make 
no products of our own—we can supply highly skilled production 
capacity as and when required at surprisingly low cost. 

If you, like the famous firms listed here, have need of extra capacity 
for electronics wiring and assembly, you should contact Leslie D. 
Izzard, Broxlea Planning Director. He will explain how economically 
teams of highly skilled operators can undertake your work in our 
factory, supervised if you wish by your own Engineering and Inspec- 
tion staff. And he can give you plenty of evidence to prove that 


Broxlea always meet their delivery dates. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Brorlea Works—14,500 sq. ft. of ultra modern factory 
space, 15 miles from central Londen on the A10 road to Cambridge. 


BROXLEA PRODUCTS LIMITED (A.I.D. approved) BROXBOURNE, HERTS 
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Trusted by the people 
you trust 


Below are some famous names 
—firms who entrust work to 
Broxlea, and who have kindly 
permitted their names to appear: 


Associated Electrical 

Industries Ltd. 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd 

Cossor Radar & Electronics Ltd 
Dewhurst & Partner Ltd 

Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 


Enfield-Standard Power 
Cables Ltd. 


English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 
General Electric Co. Ltd. 


General Precision 
Systems Ltd.—Air 
Trainers Link Division 


Ilford Ltd. 


International Computers and 
Tabulators Ltd. 


Marconi’s Wireless 
Telegraph Co. Ltd. 


Microcell Ltd. 


The National Cash Register 
Co. Ltd. 


Pye Ltd. 
A. V. Roe & Co. Ltd. 


Standard Telephones & 
Cables Ltd. 


Telephone Manufacturing 
Co. Ltd. 


Texas Instruments Limited 


Tube Investments (Group 
Services) Ltd 


Witton-James Ltd. 
you will be in good 


company if you, too, 
trust Broxlea. 


Hoddesdon 4455 
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World in a box 


Touch a switch and billions of free electrons bring the world 

into your home. Condensers, valves, transistors do the work. 

But they have to be mounted, insulated and protected. Here Shell’s TGH grade 

of ‘Carinex’ polystyrene is ideal. Its toughness, heat resistance and good electrical properties 
make a television set into a piece of furniture of which to be proud. 

But television and radio cabinets’ escutcheons, control panels 

and speaker grilles are just a few of the applications ‘Carinex’ can cope with. 

In all its grades, all its colours, it will suit almost any 


injection moulding job you care to name. 


CARINEX 


Ask Shell Chemical Company Limited, 
Shell Chemicals SHELL Plastics & Rubbers Division, 170 Piccadilly, London, W.1. 


SHELL and CARINEX are Registered Trade Marks PS. 
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LEAK MEASUREMENT guesses 


on sealed components such as fuel tanks and elec- 
tronic equipment in aircraft and guided missiles. 


. 


HVVNLLDVUYUUOONNUTOCUNUEOOYETI OATH OOONU UTD AO EPA COAT 


% Leaks can be measured accurately by an absolute 
method (differential comparison with a standard 
leak is unreliable). 

* Leaks as small as 10° lusec (less than 0.1 ml/hr 
can be detected. 

Cheap, easily-obtainable nitrous-oxide tracer gas 
is inert, non-toxic, non-corrosive, non-inflammable 
and non-explosive. There is no trouble with surface 
adsorption. 

I-, 2-, Or 3-range instruments are available, the 
ranges being O-—100 ppm, O-1,000 ppm and 
O-—10,000 ppm. 


iy 
it 


Please write for details, 


AU}ANDOUULYUQQ000OUUALUUUEASQU0NREOOOUUOULLOOUODOUUUUUUUSSOUEOEUOTUALEOANEGOE EAA 


VANUAAOUUSUUNONAAUUUNIOUANAPOONUAOOUHUEEAT EAST OOT TEEN EET ET 


all 


Type SC/LC o—100 ppm self-contained with 
pump, flow-indicator etc. 


il BROADWATER ROAD 
NFRA ED EVELOPMENT CO. LTD WELWYN GARDEN city 
HERTFORDSHIRE 
A MEMBER OF THE HILGER AND WATTS GROUP OF COMPANIES 





PERMANENT 
MAGNETS 


AVAILABLE IN A WIDE 
RANGE OF MATERIALS 
FOR ALL INDUSTRIES 


DAaBRWINS LIMITED 


FITZWILLIAM WORKS SHEFFIELD 


DIITA TELEPHONE: SHEFFIELD 49049 TELEX No 54-215 
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99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99.9999% : 


BISMUTH * CADMIUM - INDIUM ~ LEAD ~ SILVER ~* ZINC 


SNe 
NIN 


NAD 


“A 


8 
SAINI’ 


These “‘TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE * LONDON °* E.C.3 
Telephone: MANsion House 4521. 
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whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 
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MINIATURE CIRCUIT BREAKERS AND ig nuTOMNTS 
OVERCURRENT PROTECTION RELAYS v SetTING 


aiv 


Current Range 
Minimum 0.05 Amps. 
Maximum 30 Amps. 


Maximum Voitage Rating 
250 V. A.C. 
24 V. D.C. 


CIRCUIT BREAKERS 
THERMOSTATS 


MOTOR PROTECTION 
RELAYS 


TIME DELAY RELAYS 
etc. 


The above units are suitable for use with electrical and electronic 
equipment, telecommunications apparatus, small transformers, rectifiers, 
fractional H.P. motors, domestic appliances, etc., and are only part of 
our wide range of low voltage D.C., single phase A.C. and 3-phase 
breakers. 


TECHNA (SALES) LIMITED 


47 - WHITEHALL - LONDON - S.W.! 
TEL. WHITEHALL 1348/9 
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throughout the world 


Only three years since the first announcement of Cradleclip 
—yet last year alone, sufficient miles of cable were secured 
by the Cradleclip System, to more than encircle the earth. 
Proof enough of the amazing success of Cradleclip, but 
not really surprising when you consider the outstanding 
advantages of this revolutionary system. Cradleclip is now 
used in 27 countries throughout the world. 
. in the air, by leading 
aircraft manufacturers in the 


complex wiring systems of the 
latest aircraft... 


. on land in every possible 
kind of electrical installation 
wherever cable security js 
required. 


«.. At sea in ships of every kind 
including the most modern 
naval vessels. 


ONE—TWO- 
AND IT’S DONE 


+e Sine fom co wg with 


Brin a new versatility, com- 
* = and to your | 





wiring. 


ema ee 4 insul 
for climates. 


Proved in wiring installation 
throughout the world. 


dand 





Cuts wiring time by 52%. 
Reduces production 
ome ios ond - 
of materials. 

Proof of the way 
Cradieclip saves ame and 
money is available in our 
Time and Motion Study 
Report which will be sent 
to you on request. 


se ane tah dats some dpeam om wan aad 


cradleclip 





“8 











Send for fully descriptive literature to 
INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, 
Wythenshawe, Manchester, 

Tel: Wythenshawe 2842 & 3163 
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DCOL 


Regs Trove Mark) 





Soldering 
Instruments 
and Equipment 


Illustrated 


fe in. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 
L64 
POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES 
L700 


INSTRUMENTS WITH 
THE CORRECT 
SOLDERING 
TEMPERATURES 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


GAUDEN ROAD, CLAPHAM HIGH STREET 
LONDON, S.W.4 


Telephones: MACaulay 3101 and 4272 Telegrams: SOLJOINT 
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Satisfactorily meets 
the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excelient 
Electrical Conductivity, High 
Tensile Strength up to 85 tons per 
sq. in., Prevents damage to surfaces 
to be locked together. Made to 
Admiralty Signal and Radar Establish- 
ment Spec. A.110000-Approved by 
RAE/RSP. 318 & RCL. 224. 4 ? 
Supplied G.C.Q., A.1.D. or A.R.B. Released. q SMQ 
Prices and Samples on request. : A miniature mercury 
switch relay. Rating up to 
FORMERLY MARKETED BY : 20A. S.P.D.T. Coils up to 
, 110v D.C. or 250v A.C. 


DAVID POWIS & SONS LTD 





THOMAS HADDON & STOKES LTD - DERITEND © BIRMINGHAM 12 


A small relay with 

moulded base and 

insulators. Contacts 
' up to 3 a 


mps. 
T.P.D.T. Coils up to 


the big name in PRECISION components 

‘, 165v D.C. or 

Precision built radio components _— 
are an important contribution to 

the radio and communications 

industry. 

Be sure of the best and buy 

Jackson Precision Built Components 








LF/STR 


A heavy current contac- 
tor for low voltage 
switching. Rating up to 
100A at 24v. S.P.S.T. 
Coils up to 250v D.C. or 


———— 


For emergencies and breakdowns we can supply 
many types of relays with 200-250 V A.C. coils 


Condenser ‘ 
Type 5320 ~~ from stock. 


0), §9) > ae ues 
JACKSON BROS. (Loncon) LTD " 


KINGSWAY-WADDON, SURREY 
Telephone: Croydon 2754-5 Telegrams: Walfico, Souphone, London. ANERLEY WORKS, LONDON, S.E.20 
Telephone: SYDenham 31!!! 


Canedien Distributors: Messrs. R. Mock & Co. Ltd., 1485, South West Marine Drive, 
Vancouver, |4, B.C. Canada. 
TA 2448 


American Distributors: Messrs. M. Swedgal Electronics, 258, Broadway, New York 7, 
U.S.A 
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Basic Unit Size Overall Case Size | Basic Unit Covers 


(excluding handies)| (including feet) 
| 


ee | — 


ae Type | 
nw iwiol| # w| 0 | he. | 


“Price | Type | Price 
és¢6| Me l¢é 


Bunie| 1% | 160") 7a") 199" | 179"| LEB— | 412 7 | LGI—| 6 19 10 
+28 ad 19-16 | 19-16 | 

4unit| 1% | 16s"| 9A") 199") 7) Lea (SiS 2) Ge) Tis Ht 
de ee | 19-16 | 19-16 

} _ _ - _— ———— + - 
164” LFS—| 619 8/LGS—| Bie |! 

19-16 | | 19-46 | 

| $64" | 12%" | 199" | 174") LF6— | 8 1 10 

| 19-16 | 
144° | 199") 

| 164" | 164" 


os Eee 
Sunit) 19" 
or | 


10%" | 199" Wy 


éunie| 19° iG6—| 917 1 

104" | 19-16 | 
LG7—| 10 16 6 
| 19-16 


Tunic | 19 | 164" i77| Le7—| 9 6 0 
123° j | 19-16 | 


LFe— 1 8 it 


19-16 


LGe— | 


Bunit | 19 ms 2 
14" | 19-16 


| 





4 


“6t 
9 


12 


12 


Extra for 
Painted 
} | FrontPane/ 
| } | (BS631) 


oj 41 fa f 


7 








Add 6" to this total if required assembied. Alternative horizontal chassis and printed 


circuit board guides are available. 


BASIC UNIT 
(For 19” P.O. Rack 


BALFOUR ROAD 


LINVAR LIMITED 


LINVAR 
BASIC CHASSIS UNITS 


DESIGNED FOR FULL FLOW COOLING 


LINVAR ANNOUNCES A PRICE 
REDUCTION ON THEIR FULL RANGE 
OF RACKS, CASES, TROLLEYS, ETC. 


10%, 


(SEE NEW PRICES OPPOSITE) 


WITH COVERS 


WEYBRIDGE - SURREY Tel: 6962 








THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 


EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full Literature and Price List from:— 
LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 
COVENTRY 
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SUB 
MINIATURE 


TRANSFORMERS 
AND FINE WIRE WINDING 


to meet your 
special requirements 


Tel HOUnslow 1/33! 


395 STAINES ROAD, HOUNSLOW, MIDDX 
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ENALON PLASTICS LIMITED 


DRAYTON ROAD 


Phone: TONBRIDGE 3343/4/5 


TONBRIDGE 


Grams: ‘ENALSCO’ 


KENT 


Specialist Manufacturers of Plastic Materials to the 
Electrical, Radio and Television Industries . . . 


e——-ENALON precision wounp colt FORMERS 
@——_ENALON iweection moutpinc 

@——ENALON =s.2.8. tTusinc 

@——-ENALON sstamrines and MACHINING 
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RNCCC RE 


It will pay to investigate 
this versatile process! 


Ideal for: 
DIALS, SCALES, FACIA PANELS, COMPONENTS, 


CHASSIS MARKINGS, PRINTED CIRCUITS, ETC. 
(DEMONSTRATIONS GLADLY ARRANGED) 


GAYLER &% HALL LTD. 


HARLEQUIN AVENUE, BRENTFORD, MIDDX. 
Telephones: ISLeworth 4401-2-3 




















HIRSCHMANN PK Series 
of PLUG TERMINALS 


: 
f 
\ 


The PKI I0A is shown approximately two-thirds full 
size in centre above and is rated at 16 amperes with 
4 m/m socket in the head. 

Colours: Black, Red, Blue, Yellow, Green. 

The larger types PKN are rated at 60 amperes. 


% Send for catalogue to SOLE AGENTS: 


NEOFLEX LTD. 


123a NEASDEN LANE, LONDON, N.W.10 


Telephone: DOLIis Hill 7671 and 7881 
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*% THE FULLEST RANGE OF CLEAR VIEW INSTRUMENTS ON THE MARKET 
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PULLIN 


CLEAR VIEW 
MINIATURE INSTRUMENTS 


THE SERIES 42 
(32” scale) 
—with advanced 
moving 

coil movement 
or moving 

iron movements, 





THE SERIES 35T 

(34” scale) 

—with internal magnet 
moving coil 

movements and moving 
coil and moving iron 
movements, or with 
dynamometer watt- 
meter A.C. and D.C. 


2 
< 


4 6 
= iG ire wee 


THE SERIES 22 (edgewise 2.25” scale)—with internal magnet 
moving coil D.C., rectifier interne] magnet moving coil A.C., 
and moving iron A.C. and D.C. Choice of horizontal or 
vertical, front or rear mounted. 


CRYSTAL RANGE 
THE SERIES 38CY 
(3.8” scale) 
Approximate 
viewing distance 
4ft. 6ins. with 
moving iron or 
internal magnet 
moving coil 
movements. 


THE SERIES 24CY 
(2.4” scale) 
Approximate 
viewing distance 3ft. 


If you would like further details of any or all of these 
brilliant Pullin instruments, please write or telephone. 


PULLIN FOR PRECISION 
MEASURING INSTRUMENTS (PULLIN) LTD. 


Head Office: Electrin Works, Winchester St., 
London, W. 3. ACOrn 4651 & 8801 


London Showrooms: Electrin House, 97 New 
Cavendish Street, London, W.1. iL 4551-6 


ELECTRONIC ENGINEERING 
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The careful electrician uses 


te MARTINDALE 


A SPECIAL LOW VOLTAGE 
TESTER L.V./F.P. IS ALSO 
AVAILABLE FOR 

24/100 VOLTAGES 


a 
ESTER 


Tt 
. Ww 


Don’t take chances—play safe with the 
approved voltage Tester, the MARTIN- 
DALE Model F.P. incorporates exclusive 
features and advantages (including unique 
prod design) that make for maximum 


efficiency with complete safety. Instantly 
records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is 
“earth”. Fully fused and protected. You 
cannot afford to pay less than the modest 
price asked for the MARTINDALE Voltage 
Tester—and you cannot buy better, no matter 
how much more you pay. 


For full details write to: 


MARTINDALE ELECTRIC CO. LTD. 
110 WESTMORLAND RD., LONDON, N.W.9 Tel: COLindale 8642 


PLASTIC 





SMALL PRESSED COMPONENTS 


* 
NEW PROCESS 


ENABLES US TO OFFER SMALL 
PRESSINGS, INCORPORATING 
TAPPED HOLES AT EXCEPTIONALLY 


ECONOMICAL PRICES! 
LATHAM MANUFACTURING CO. LTD. 


ABLEWELL STREET - WALSALL - Tel: WALSALL 23479 


‘Mn, LM, de, 
EE 32 235 for further details 


Specialisation 


* qualified to discuss 
that Dainite 


ADDS UP TO THE k Sher Meulibinags 


equirements 


ae 


Dainite 
Sewite 


IN MOULDED RUBBERS 


‘Olimiceiiiie 
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NP Liar leomitiiny 


and advise 
can be produced 


wed A.I.D. and A.R.B 


Dainite Mills, Market Harborough. Telephone 2274/6 


THE HARBORO’ RUBBER CO., LTD. 
EE 32 237 for further details 
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Resistance wires and tapes for all resistors 


VACROM wcrc. crnone 
EUREKA ......c« 


Yort-jielsmilaism-tale 


the most a 


a 


ok we | U 
] 1‘E P 
m' ans ro > _ 
atid UrCnha ait 
od \r 


either 


Supplied bare or with standard coverings 
of cotton, silk, rayon, enamel ond glate. 


insulated wires bare wires. 
THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED - LEYTON - LONOON €.10 


VACTITE WIRE COMPANY LIMITED - LINACRE LANE: BOOTLE 20, LANCS 





Mechanical Relay Latch 


FOR 
P.O. TYPE 


3 . ~ @ Perfectly 


balanced ! 100 WATT 
This fatchin device j 
enables the P.O. 3000 ‘ @ Fiat copper bit i) SOLDERING IRON 


type relay to be held in . he shaped for any 


the closed position when > . . ; 
the coil is de-energised ~ application / costs only 29 hon 


and until manually re- , ; Co 
‘yy a 


hy New stainless steel 


, eer including post ond packing. 
: side plates eliminate Trade quantity discounts on 
Does not impair the corrosion } 
versat lity of the contact - ' 
yee nn me Sapp affect . @ Strong robust element 
the norma mountin * 
position. . with large surface ensures 
. : good heat transfer and long 
cy if 
WILL IMlustrations show 3000 Type g3 ate 
a oo — @ Improved shock resisting 
TRIP AND : moulded handle. 


HOLD Ab + gL a CAN yg Ba To pores guccagr. 
UR ISTING 3000 RELAYS 
ON IN A MATTER OF MINUTES a. A really professional, high watt- SAFETY 


yg ae hg PEE a AD age iron at an economical price 


Now added to the P.O. 3000 type range Suitable for operation at 12 v., 50v., 100/ 
* REMANENCE RELAYS 110 v., 200/220 v., and 230/250 v 


Please state voltage required when ordering. 


OG Send for leaflet or order direct from: 
al A Dr UVtS ‘A Ky (4 le a ¥Y | ). L4 a Standard Telephones and Cables Limited 
/ Industrial Supplies Division 
DEPT.E.) TUDOR PLACE, LONDON, w. Staneico Process Heating, Footscray, Sidcup, Kent. 
TELEPHONES: MUSEUM 7960 LANGHAM 48621 Footscray 3333 








EE 32 239 for further details EE 32 240 for further details 
APRIL 1961 ELECTRONIC ENGINEERING 





EE 32 24! for further details 


GEARS? 


Spurs, Spirals, Worms and 
Wormwheels, Chain Sprockets, 
Generated Gears, 12 to 100 DP, 
to finest tolerances. Servo drive 
mechanisms and complete 
assemblies. Specialists for 

nearly thirty years in precision 
instrument gears. For 
prototypes or quantities— 


SEND TO CINETRA 


A.1.D. APPROVED 


12 OVAL RD LONDON NW 1 
GULliver 2353 & 4085 


[ | N ETRA MANUFACTURING CO LTD 
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TRANSFORMERS 





ADMIRALTY approved 
Your enquiries will receive our prompt attention 
STEWART TRANSFORMERS LTD. 


KILBURN LANE - LONDON W.1O0. 
Tel.: LAD 2296/7 
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Out of print volumes of 
“Electronic Engineering” 


ARE TO BE REPRINTED IN FULL SIZE 


by 
DAWSON & SONS Ltd. 


Wm. 


The first volumes scheduled to be reprinted are volumes 13-26 


covering the years 1940-1954. 


Further volumes are to be 


reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to: 


Wm. DAWSON & SONS LTD. 


16, WEST STREET, FARNHAM, SURREY. 


indicating in which volumes you are particularly interested or fill in the reference 
given above on one of the Reader Information Service Cards. 


BLECTRONIC ENGINEERING 


APRIL 1961 
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A. C. SOLENOID type SAM. 


Now fitted with stainless steel 
guides—six times the life. 
Continuous 14 ozs. at }?’ 
Instantaneous to 54 Ibs. 


Larger and smaller sizes 
available. 


Also Transformers to 7kVA 
3 Phase. 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL 
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THE 


“54” 


DRAWER 
UNIT 


ALL STEEL 
Stove 
Enamelled 
DARK 
GREEN 


OVERALL 
SIZE 
42” HIGH 
35” WIDE 
113” DEEP 





Contains 54 of these drawers, 
each 5” wide 3” high 11}” long. 
54 dividers and 54 drawer cards 
with each unit. Extra dividers |? 
6d. each. 


£18 DELIVERED FREE to Re 
ENGLAND, SCOTLAND and WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) — 

















SERVICES TO THE ELECTRONIC INDUSTRY 


Ultra - Subminiature 
Unit manufacture 
and assembly 


Tool Design and 
Toolmaking - Press 
Tools - Plastic 
Moulds and Plastic 
Moulding 


Prototype Develop- 
ment and manufac- 


Industries Ltd a 


LANCASTER ROAD - HIGH WYCOMBE - BUCKS XQ, 4125 


EE 32 246 for further details 


APRIL 1961 





EE 32 247 for further details 


wherever 
D.C. power 
is required 


MAGNETIC AMPLIFIER 
PRECISION 
D.C. POWER SUPPLIES 


The Sanders range of D.C. Power Supplies employs 
magnetic amplifier techniques to give high stability 
over a wide range of load variations with extreme 
reliability. Complex electronic components and 
valves are eliminated and maintenance is kept to a 
minimum over a virtually indefinite life 


Specification 


Outputs range from 5V. to 200 V. D.C. at rated cur- 
rents up to 300 amps. The load may be supplied 
directly, or via a floating battery, and provision can 
be made to vary the output voltage. Load current 
limit facilities are easily added and units can be 
designed to withstand a continuous short circuit of 
the output. 


Accuracy : + 1% of maximum vol ‘ 
Mains Voltage: from minus 15% to plus 7.5” 
Mains Frequency: from 45 to 65 cycles /sec. 
Load current: from zero to full load. 
Temperature change: of 20° c. 

Ripple: 0.5% 


Special features that can be provided 


® Additional smoothing for a ripple content 
better than 0.5%. 


Variable current limiting control. 
Mains failure warning system. 
Compensation for voltage drop in externa] leads 


This is one of a series of products by 


THE 


CMUAMNE 


GROUP OF COMPANIES 


W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD STEVENAGE ~ HERTS 
Telephone : Stevenage 981. Telex 82159 Sanders Stev 


ELECTRONIC ENGINEERING 
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| caiman | 
\N 
\ 
A 


SCIENTIFIC 
EQUIPMENT 


With great experience in the : cee Pee ee NK 5 
realms of Aviation, Radar and % ADE : tes : : W 
Electronic Power Supplies, ’ a et aA EY Se ee : \ 
and Voltage Regulators, we et sac] + i \ 

supply machines tailor-made _ a i , : \ 
to suit the individual ss, . 4 \ 

requirements of scientific e : ee oa \ 
oe and pemceerty ere : _ See \ 

of Technical Education ae ee: \N 
establishments. WW WS 


Manufacturers of Automatic 
Voltage and Current Regulators 
Rotary Transformers and 
Convertors, High Frequency 
Alternators and Motor 
Generators, special electrical 
equipment for Technical 
Education. 

Why not consult us with your 
queries ? Our Technical Engineers 
will gladly visit you to help in 
your problem. 


Variable frequency/voltage motor alternator 
set for Nottingham Technical College. 


NEWTON 
> = ae 


NEWTON BROS. (DERBY) LTD. 
ALFRETON ROAD, DERBY 


PHONE DERBY 47676 (4 LINES) GRAMS DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 


Wilkinsons 
FOR M ETERS cuaranteep 


NEW RANGE OF METERS 
24” Moving Coil Flush Round 


AND SOCKETS 
es ; 0/! amp; 0/3 amp; 0/5 amp; 0/10 amp; 0/20 
Volts; 0/30 Volts; 0/40 Volts; all at 35/- each. 
2” Moving Coil Flush Round 
0/1! Milliamp; 0/5 Milliamp; 0/10 Milliamp; 
' 0/20 Volts; 0/30 Volts; 0/40 Volts; all at 27/6 each. 
2” Moving Coil Flush Square 


0/3 Ampere; 0/5 Ampere; both at 27/6 each. 


RELAYS 








“*Q-MAX”’ SOLE LONDON 
SHEET METAL PUNCHES DISTRIBUTORS OF 


ES ELCOM 


MINIATURE 
MULTI-WAY PLUGS 




















Patent No. 619178 and Patents | A ful! range of connectors from 2 to 
33 way, proven in use by the 


ponding. electronic industries of the world. 
Round, Square and Rectangular. 
The easiest and quickest way of 





punching holes in SHEET METAL. 


LIST OF SIZES AND 
PRICES ON APPLICATION 








** Q-MAX” 
MODEL G.D.0.-2 
GRID DIP OSCILLATOR | 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
without application of power, for 
the determination of coil mutual 
and stray inductances and both 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. 
Built in mains pack. 

PRICE 15 Gas. Se Cee 


[ Fully | 
| iMustrated 
CATALOGUE 
| available | 


on request 25 HIGH HOLBORN, LONDON, W.c.! 
Tel.: HOLborn 6231/2 
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Post Office Type 3000 
Made to your specification. 
Contacts up to 8 C.O. 


Prompt Delivery 
MINIATURE RELAYS IN STOCK 


Siemens High Speed Sealed and S.T.C. & G.E.C. Sealed. 


RACKS—POST OFFICE STANDARD. 6 ft. high with U-channe! 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock 


RESISTORS EX STOCK, IN QUANTITY WIRE WOUND, HIGH 
STABILITY CARBON ETC., BEST MAKES AT LOWEST PRICES 


H.P. CAPACITOR MOTORS, 230/240v, 50 cycies,!, 420 r.p.m., 
4(8 in. or } in. shaft). €5 10s., carriage 10/- 

VACUUM PUMP & COMPRESSOR, Edwards Type IV, ¢ in. shafe, 
complete with flywheel, couplings, oil filter and union. £6 10s., post 3/6. 
AMMETER, 0-3 amp d.c., Turner Model 32, MC/FR, 6 in. dial, 90/-. 
BATTERY CHARGERS. Westinghouse BC.14 6/40. Input 200/250 
volts A.C., will charge 6 cells at 40 amps. Brand New. Complete with 
0/50 ammeter. Fine and coarse contro! giving 32 switch positions. 
Fused A.C. and D.C. Latest type. 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


Grams: WILCO CROYDON 
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Phone CRO 0839 
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PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 
108a) now available. Covers 
small and medium solid core 
types including new types 
45, 35, 36 and 37 


SEND FOR YOUR COPY 
NOW 


Quick Delivery— 
Solenoids are normally 
despatched same day as receipt 
of order 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 

















SPRINGS aw PRESSINGS 


for the 


ELECTRONIC INDUSTRY 


Manufactured in Beryllium Copper, 

Nickel Silver, Stainless Steel, 

Phosphor Bronze, Tantalum, 
Spring Steel etc. 


We welcome your enquiries 


LITCHFIELD BROTHERS Irp 


BROADHOLME BELPER DERBYSH RE 
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“A complete library 
in two volumes...” 


KEMPE’S ENGINEERS 


YEAR-BOOK 


Edited under the direction of the Editor of “The Engineer” 
1961 Edition price 87/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtral 6565 
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This Multi-range EHT Series 705 
meter is one of a number of 
instruments supplied to the M.O, 
Valve Company Ltd. by Anders 
Electronics at very short notice. 
These meters are used in the M.O. 
Valve Company Production Test 
Equipment for Travelling Wave 
Tubes shown here. Fust the kind of 
work Anders excel in : special 
meters for very special equipment. 
Anders are indebted to the M.O. 
Valve Company for their kind 
permission to illustrate this test gear. 


special EHT meter 


rushed through for 
MO Vaive Company 


The Anders Instrument Centre is in a unique position to 
meet the most urgent, and the most unusual, meter re- 
quirements from production, development and research. 
Many standard meter ranges are available immediately from 
stock. Non-standard meters are calibrated, tested and 
normally ready within 10-14 days. All shapes; sizes from 
14” to the largest switchboard meters. All well-known 
makes and all types including moving coil, moving iron, 
thermocouples, electrostatic, dynamometers and full range 
of meter accessories. Anders would like to demonstrate the 
kind of service they can give you and look forward to your 
enquiries, by letter or by telephone. 


ELECTRONICS LIMITED 
103 Hampstead Road, London NW1. Tel: EUSton 1639 


Contractors to GPO and Government Departments. 
Ministry of Aviation approved. 
METERS, ELECTRONIC 
TO INDIVIDUAL 


AND TEST 
SPECIFICATIONS 


EQUIPMENT 
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CORES 


We specialise in the large scale 
production of all types of 
miniature toroidal coils wound 
on cores down to 50/1000" 
diameter (as shown below). 


50/1000" OUTSIDE DIAMETER * 
Actual-size photograph show- 
ing one of our small ferrite 
ring cores mounted on glass 
base and encapsulated in resin. 
This particular core carries four Me J O R BR fe 
windings of 20, 10, 10 and 5 
turns of 48 s.w.g. enamelled In addition to the manufacture of coils and components 


wire. we undertake the assembly of complex equipment 
Coils such as these are manu- such as this unusual Matrix Store for a 100-channel 


: : Analyser shown above. 
eeeee Seneny fs our, Now (As maglied to A.E.I. Ltd., Instruments Division) 
port Pagnell factory. 
; ; NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 
Please write for full details NEWPORT PAGNELL - BUCKS - ENGLAND 
Telephone: Newport Pagnell 401/2 








STABILISED POWER 
SUPPLIES 


TYPE 
EV451-A 


PRICE ROTATES OR RECIPROCATES 
MECHANICALLY OR 
ELECTRICALLY 


COUNT ON... 





















































0-300 volts 50mA d.c.; 6.3v. 3A. a.c; 200v* 
@ COMPACT a d.c.; 6.3¥ ac; 200v 


STABILITY AGAINST + 10% MAINS 


@ VERSATILE VARIATIONS AND ZERO TO FULL 


LOAD CURRENT + .015%. 
MAXIMUM RIPPLE imV R.M.S. 
es LOW THERMAL bry Bet is one of the large range of 
DRIFT valve and transistor types yg ge COMPANY LIMITED 
an A to 50 amperes. 
MILLTOWN ST., RADCLIFFE 
ALLIED ELECTRONICS LTD. Nr. MANCHESTER 
28 UPPER RICHMOND ROAD, PUTNEY, LONDON, SWIS TELEPHONE: RADCLIFFE 2675 
TELEPHONE: VANDYKE 1856 














C.W. $327. 
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/ 
SYSTEM OF SCREWED METAL FASTENERS 


The latest, fastest, strongest 
system of fastening 
components to sheet metal 


*““NUX”’ PATENT FASTENERS IMMEDIATELY 
OVERCOME THE DIFFICULT PROBLEMS OF 
ATTACHING COMPONENTS TO SHEET METAL. 


LOCKING OF THE FASTENER IN THE SHEET 
METAL IS ABSOLUTELY SOLID AND RIGID. 


“‘NUX"”’ FASTENERS ARE AVAILABLE IN FOUR 
STANDARD TYPES AND A RANGE OF SIZES 
TO MEET ALL REQUIREMENTS. THEY ARE 
EASY TO FIX IN SHEET METAL, FERROUS OR 
NON-FERROUS, UP TO 10-GAUGE (0.125”) 
AVAILABLE WITH THREADED OR PLAIN BORE. 





TALBOT TOOLS COMPANY LTD 
GRIP WORKS - ROEDALE ROAD - BRIGHTON - SUSSEX 


"Grams: ‘Griptoolco’ Brighton Tel: Brighton 55832 


METEOR co 


(SWISS MADE) 





iL WINDERS 
~—S> 


No gears to cause backlash 


Suitable for winding wires as small 
as 0.0004 in. diameter. Arranged for 
single or multiple winding; layer 
shortening device available. Traverse 
is obtained by magnetic 

clamping on to a non- 

reversing steel tape with 

extremely fine reversal 

settings by micro limit 
switches. 

Stops auto- 

matically if 

wire breaks. 


Demonstrations arranged at 
our London works on request. 
Please write leaflet. 
Sole Agents for the U.K.: 


ACBARS LTD. 


STA HOLBORN VIADUCT, LONDON, E.C.!. 
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CENtral 2287/8/9 - 6811/2 


203 
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Wouldnt 
life be 
tedious ° 


Often at the end of a fabrication 
job in steel or light alloy we feel 
a surge of pride. Perhaps we 
have surveyed, designed, drawn 
up, made and assembled a 
complete installation. Or finished 
a quantity run of some intricate 
machined item. We can’t always 
crow in public— but wouldn't life 
be dull without such highlights? 


Have you a job to gladden our hearts ? 


SPENGER & SONS 


(MARKET HARBOROUGH) LTD. 


GREAT BOWDEN ROAD - MARKET HARBOROUGH - Tel. 2651/2 
Neil & Co. Ltd., 
W.1. ‘Phone 


Representatives: O 
London, 


London 


122 Cleveland Street, EUSton 4818-9 


Partially completed main frame for housing electronics equipment. 
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OFFICIAL APPOINTMENTS 


CAREERS FOR RADIO TECHNICIANS in 
Civil Aviation. Vacancies for Radio Technicians, 
aged 19 or over, at Airports and Radio Stations 
Geoughout the United Kingdom, maintaining radio 
communication and electronic navigational aids. 
Fundamental knowledge of radio with some practical 
experience required for entry. Training given on the 
equipment in use. Salary approximately £670 (at 25), 
rising to £795. 34 weeks’ holiday with pay. Paid 
sick leave, Facilities to study for higher qualifications, 
giving good prospects of pensionable posts and pro- 
motion to grades with salary maximum £988, £1,128 
and £1,388. Apply for further details to Ministry of 
Aviation (Est/5a), Room 755, Adelphi, John Adam 
Street, London, W.C.2, or any ec exchange, 
quoting Westminster O/N 3552 W 5106 


CITY OF LEICESTER EDUCATION COM- 
MITTEE. College of Technology and Commerce. 
Senior Laboratory Technician required in the School 
of Physics. It is desirable that applicants should be 
in possession of a Final City and Guilds Certificate 
or Higher National Certificate and have a good 
knowledge of electronics. Salary on scale £685 to 
£760 p.a. Applications, in writing, should be 
addressed to the Registrar at the College. W 5108 


CITY OF PLYMOUTH Education Committee, 
Plymouth and Devonport Technical College. Prin- 
cipal: Eric Bailey, B.Sc., F.R.1.C., A.M.1.Chem.E. 
Required Ist April, or as soon as possible thereafter, 
Assistant Grade A in the Chemistry Department. 
Duties include maintenance and operation of Phillips 
E.M. 100 electron microscope, instruction in its use, 
supervision of other electronic equipment and certain 
teaching duties. Salary Burnham Technical Report 
Grade A Assistant £520 « £27 10s. to £1,000. Initial 
salary according to qualifications and previous 
experience. Forms and particulars (s.a.e.) obtainable 
from Clerk to the Governors, to whom they should be 
returned as soon as possible. W 5131 


D.S.1.R. REQUIRES Assistant Experimental Officer 
Experimental Officer at Radio Research Station, 
Ditton Park, Slough, Bucks. to prepare abstracts 
of scientific and technical articles on radio research 
and development. Quals.: G.C.E. “A” level in 2 
science or maths subjects. Over 22, pass degree, 
H.N.C. or equiv. preferably in Physics or Electrical 
pees am yy generally expected. Exp. in radio 
research t or ¢ ation, ability 
to read technical papers in ore German or 
Russian an advan Salary: A ‘EO. £450 10s. 
(ase 18)—£776 (age 6)—£957. E.O. £1,057-£1,296. 
nome from Ministry of Labour, Technical "and 

jentific Register (K), 26 King Street, London, 
Swi quoting A.104/1A. W 5119 
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ELECTRONICS TECHNICIAN required at 
the Hospital for Sick Children, Great Ormond Street, 
London, W.C.1, to join new medical workshop for 
maintenance and construction of special hospital 
equipment. Interesting and varied work for person 
with knowledge of Electronics, Electrical Engineering 
or Physics, or with Machine-shop practice. Possession 
of H.N.C. or O.N.C. or C. & G., etc., an advantage. 
Vacant now but can be held open for right person. 
Salary, £600 by £20 (2) by £25 (4)-£740 p.a. Contact 
Chief Technician (HOL. 9200, Ext. 235) for further 
information. W 5112 


ELECTRONICS TECHNICIAN, experienced, 
for construction and servicing of specialized 
apparatus. O.N.C. or equivalent desirable. Salary 
scale, £690-£815 p.a., plus qualification allowances. 
Starting poiht according to age and experience. 
Apply, in writing, giving full details to the 
Administrative Assistant, Physics Department, 
The University, Birmingham, 13. W 5102 


ENGINEERS FOR RESEARCH AND DE- 
VELOPMENT in Government Service. Following 
are examples of vacancies at Scientific Officer 
(£738-£1,222) or Senior Scientific Officer (£1,342- 
£1,654) level now available: Post Office Research 
Station, Dollis Hill, London—tresearch into Direc- 
tional Aerial Systems suitable for long distance 
communications (scientific officer). National Physical 
Laboratory, Teddington, Middlesex—mechanical 
engineer to lead a small team on Hovercraft research. 
Practical research experience and knowledge of 
aerodynamics and hydrodynamics required (senior 
scientific officer). Admiralty Underwater Weapons 
Establishment, Portland; Dorset—specialist in 
Thermodynamics with experience (preferably at 
least 5 years) in Internal Combustion Engine research 
or Rocket Propulsion. Experience in instrumenta- 
tion essential (senior scientific officer). Royal Radar 
Establishment, Malvern, Worcs.—light electrical 
engineer for research in Air Traffic Data Handling 
Techniques involving data extraction, digital elec- 
tronic computation and data transmission (scientific 
officer or senior scientific officer). There are many 
other vacancies for Research and Development 
Engineers and most scientific disciplines. All posts 
carry a pension. Good promotion prospects. Full 
particulars from Civil Service Commission (Scientific 
Branch), 17 North Audley Street, London, wy said 


LOUGHBOROUGH COLLEGE OF TECH. 
NOLOGY, Leicestershire, Department of Electrical 
Engineering. Applications are invited for a Research 
Fellowship for work on instrumentation and tele- 
metering for physiological measurements on athletes. 
The Fellowship is tenable for up to three years at an 
annual value of £750 with contributory superannua- 
tion scheme. Some tutorial work or laboratory 
supervision may be undertaken, for which additional 
payment is made. Application forms may be obtained 
from the Academic Registrar, quoting reference 
20/AT/2 W 5129 
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ELECTRONIC ENGINEER with knowledge of 
control systems required by Hydraulics Research 
Station (D.S.1.R.), Wallingford, Berks., for design 
and development of control mechanisms for hydraulic 
models and research equipment. Appointment as 
Assistant Experimental Officer or Experimental 
Officer according to age and experience. Quals.: 
Pass degree, H.N.C. or equiv. in appropriate subject. 
Salary ranges: A.E.O. £625 (age 22)—£776 (age 26)— 
£957; E.O. £1,057-£1,296. Favourable housing 
prospects for married officers. Forms from Ministry 
of Labour, Technical and Scientific Register (K), 
26 King Street, London, S.W.1, quoting D.132/1A. 

W 5120 


NORTHAMPTON COLLEGE OF AD- 
VANCED TECHNOLOGY, St. John Street, 
London, E.C.1. Department of Production Tech- 
nology and Control Engineering. Post-graduate 
Research in Instrument and Control Engineering. 
Facilities are available in this department for research 
in instrument and control engineering leading to a 
higher degree of the University of London or 
membership of the College of Technologists (M.C.T.). 
Grants may be available for suitable students. Those 
interested are invited to apply to the Head of Depart- 
ment of Production Technology and Contro! 
Engineering. Ww 


ROYAL NAVAL SCIENTIFIC SERVICE, 
Government Communications Headquarters require 
Experimental Officers and Assistant Experimental 
Officers at Government Communications Head- 
quarters, Cheltenham, Glos. Duties widely dis- 
tributed in field of communications research and 
development, including radio equipment (over wide 
range of frequency), terminal equipment, aerials, and 
radio range-finding and direction-finding systems. 
Propagation studies and experiments carried out. 
Work also includes data processing, programming 
and engineering, applications of electronic com- 
puting techniques and numerous problems in 
instrumentation. Candidates must normally be 
natural-born British subjects and of British parentage. 
E.O.’s, minimum age, 26 and normally under 31. 
Asst. E.O.’s at least 18 and normally under 28. 
Qualifications should include H.S.C. or G.C.E (with 
at least two (‘A’) Level subjects) or equivalent, or 
H.N.C., a University Degree or Diploma in Tech- 
nology. Salaries: E.O., £1,087 to £1,356; A.E.O., 
£458 (at 18) to £801 (at 26 or over) to £983. Facilities 
for further education. Promotion prospects. 
Appointments unestablished, but opportunities exist 
for establishment. Forms from Ministry of Labour, 
Technical and Scientific Register (K), 26 King Street, 
London, S.W.1, quoting Ref. A.87/1A. 5098 
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electrical components 


Our long experience in the design and 
manufacture of electrical components enables 
us to offer a wide range of products 

designed to meet with the many requirements 
of the electronic industry today. 





This fixed frequency oscillator is constructed on a standard 
octal base and encapsulated in epoxy resin. Slight tuning 
either side of the fundamental frequency is provided by 
means of an adjustable core. Output: 10 mw into a 600 ohm. 
load. Frequency: As required within the range 700-2,000 
c.p.s. sinusoidal. 


On the left is an astatic wound A.F. screened line transformer 
with the windings encapsulated in epoxy resin. The 
insulation of the ‘line’ winding provides isolation against 
voltages of 30 KV RMS. 


_. WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts. Telephone: Mansfield 1762/5 











more tubing 


in production 


ITREOSI Faia fused quartz 


New production techniques are now speeding up 
deliveries of Vitreosil Fused Quartz Tubing—the most 
transparent manufactured material. 
It is impermeable, can be used repeatedly up to 1050°C, 
is inert to all acids except hydrofluoric, and has high 
light transmittance in the U.V. and I.R. spectra. 
There are a wide range of diameters 
and two wall thicknesses—thin and normal. 
Full details on request. 





all BRITISH 


= | THE THERMAL SYNDICATE LTD. 


My P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Tel: Wallsend 62-3242/3 
..the BEST LONDON: 9 BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 * Registered Trade Mark 
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ROYAL NAVAL | oppeenne SERVICE 
juire ific Officers/Scientific 


pected. perience 
instrumentation essential with design 
study work on components, of rocket systems. or 
propulsion Turbine design experience 
oduantanioun, 2) Mechanical E Engineer with on for 
one or more of: (i) hydraulically operated 
isms, including servo-control; (ii) mechanics of 
ines (theory and practice); (iii) hydro- (or 
acro-) dynamics of fairly elementary character. 
@G) Hydrodynamicist (or Aeronautical Sek bony 

some 8s’ experience for work on tor; 

(4) Mechanical Engineers Save cotenien a Rr 

and develop), Electronic Engineers ( 
Mathematicians (Operational 
research and bem anaainery physics), Physicist 
(acoustics). B; G t Communications H.Q., 
Cheltenham (Ref, A. ASdIA TAD. Physicists (Telecom- 
a er ag = an Electronic Engineers 
Telecommunications and 
Radio). C; Naval % ‘onstruction Research Establish- 
ment, Dumfermline oe C70/1A). Structural and 
Mechanical E ical Physicists and 
Mathematicians, for "teams en; ged on research 
pr of structural stren; ath, effects of con- 
ventional and nuclear P and de of 
new structural materials. Excellent opportunities 
and good prospects for promotion. D: Admiralty 
Compass Observatory, Slough (Ref. D47/1A) 
Electrical a Mechanical Engineers or _—— 

servo h 

dhectrenies. " Gualifications for all posts: Ist or ond 
Class Honours Degree or equivalent in appropriate 
subject. Must normally be natural born British 
subjects of natural born British parents. 8.S.0.'s 
must have had minimum 3 years’ post-graduate 
—— and be not less than 26 years of age. 
jes: (A) $.8.0., enh aia $.0., £717- 
£1,186. (B, C, D) SS.O., £1,342-£1,654: $.O., 
£738-£1, 222. BR med unestablished (with 
F.S.S.U. benefits) but opportunities for those between 
21 and 32 to ¢ for ished posts. Forms 
from iahey of abou, Technical & Scientific 
Register (K), 26 King Street, London, 8.W.1, TS 

appropriate reference and post. 5 


tronics/Design), 














ROYAL TECHNICAL COLLEGE, SALFORD. 

t of Electrical Engineering. Continued 
expansion of this College of Advanced Technology 
results in a limited number of vacancies for academic 
staff at all levels; salaries range from £700 to £2,100 
p.a., or possibly higher in special cases. parm 
sbould be Graduate Electrical Engineers or Physicists 
Considerable om a pe will be attached to proven 
ability in research, and commencing salaries will take 
account of past achievement. Lecturing hours, and 
equipment available, are such that a genuine oppor- 
tunity exists for original work. Some posts may be 
primarily research appointments. Further particulars 
and forms of application may be obtained from the 
Registrar, Royal Technica! College, Salford, §, Lancs. 
(Please quote Ref. E.E.), to whom applications 
should be returned by 14 April, 1961. 5109 


TECHNICIAN FOR ELECTRONICS 
MEASURING and ancillary equipment for 
bubble chamber data analysis group. Salary scale, 
£690-£815 p.a. Additional payments for qualifica- 
tions. Experience in punched tape data recording 
desirable. Apply, in writing, giving full details to the 
Administrative Assistant, ‘oceans Department, The 
University, Birmingham, 15 W 5103 


THE UNIVERSITY OF SHEFFIELD Department 
of Electrical ing. Applications are invited 
for two Research Fellowships in the Department of 
lectrical pee under Professor A. L. Cullen, 
in the field of millimetre wave techniques. The 
research programme involves the study of new 
of generating millimetre waves and the 
development of measuring techniques. Applicants 
should preferably have a Ph.D. degree in Engineering 
or Physics, or equivaient research experience. The 
salary will be determined in relation to qualifications 
and fe ae in the range of £800 to £1,350, 
(opie should be sent to The Registrar, aM 
University, o. Shetheld, 10. W 5121 


UNIVERSITY OF NOTTINGHAM. Appii- 
cations are invited for the appointment of Lecturer 


in yy me ay a 
prefera not necessarily, ve some 
fee ees pin dy and be interested in teaching 
and research in one or more of the following fields: 
Electrical Machines ; ie Power ; ters; 
Electronics. Salary £1,050-£1,850. initial 
salary according to ions and experience, 
with eneenbership of the U Universities Superannuation 
Scheme and children’s allowance. Conditions of 
ppointment and form of application, to be returned 
by 63 May, 1961, from the trar. W 5128 


ELECTRONIC ENGINEERING 


UNIVERSITY OF ABERDEEN: Applications 
are invited from suitably qualified persons to operate 
(and maintain) an electron microscope to be installed 
shortly for scientific and medical departments within 
the University. Experience of operation and main- 
tenance of an electron microscope essential and 
knowledge of electronics and high vacuum technique 
an advantage. Salary on scale £690-£815 per annum, 
plus appropriate supplementation for qualifications. 
Applications, with names of two referees, to Secretary 
to the University, Marischal College, a by 
10th April, 1961. W $132 


UNIVERSITY OF GSELFAST. Research 
Technician required as a general Research Assistant 
in connection with fluid dynamics, structures, soil 
mechanics, etc. The work will be mainly concerned 
with electronic equipment and will involve design, 
construction and development. The candidate should, 
therefore, have a suitable theoretical and practical 
background but a degree is not essential. Initial 
salary range, £800-£1,000 according to qualifications. 
Applications to Professor A. Naylor, Civil 
Engineering Department, by 15 May, 1961. 

W 5124 





SITUATIONS VACANT 


ASSISTANT TO THE CHIEF ENGINEER. 
Painton & Co. Ltd., manufacturers of high-quality 
components for the Electronics Industry, are expand- 
ing their activities and wish to appoint an Assistant 
to the Chief Engineer. Applicants must be graduates 
in Physics or Electrical Engineering, have experience 
in the design and development of Electronic Com- 
ey and be able to carry executive authority. 

is is a staff appointment with Superannuation 

Scheme. Applications to the Personnel Officer, 
Kingsthorpe, Northampton. W 5125 


ASSOCIATED-REDIFFUSION LIMITED is pre- 
pared to offer young men with high grade electronic 
qualifications an opportunity to specialise in 
television broadcasting opens as Technical 
Assistants, at a salary of £891 per annum, for a 
training period of up to one year, after which they 
will be abosrbed into engineering vacancies at 
salaries from £1,091 per annum. Applications stating 
age, qualifications and experience should be ad- 
dressed: Manager Engineering, Associated-Rediffu- 
+ ce Television House, Kingsway, London, 

W 5123 


ASSOCIATED ELECTRICAL INDUSTRIES 
LTD., Trafford 
Park, Manchester, 17. Testers urgently required for 


Electronic Apparatus Division, 


interesting work on Ground Radar, Servo-Control’ 
and Computer systems. Technical qualifications an 
advantage. There are excellent opportunities avail- 
able for suitable applicants. Why not write in now 
for application form and conditions, to The Employ- 
ment Supervisor, A.E.I. (Manchester) Ltd., Trafford 
Park, Manchester, 17. W Sill 


ELECTRICAL DEVELOPMENT ENGINEER 
required for a Company situated in N.W. London, 
for work on design and development of special 
purpose equipment, machine tool control systems 
and small electrical hi and liances. 
Minimum qualification H.N.C. or equivalent. 
Practical experience in this field an advantage. 
Salary £1,100. Box No. W 5130. 





ELESTA AG, SWITZERLAND, manufacturers 
of cold cathode decade counters, relay tubes and 
electronic controls, yt — Elec’ 








DAVY AND UNITED ENGINEERING COM- 
PANY LIMITED invie® men with either 
a Degree in Electrical Engineering of the H.N.C. 
(Electrical) to apply for the position of Electronic 
Engineer in the Research and Development Depart- 
ment, Previous experience in solid state circuitry 
associated with instrumentation and control essential. 
Familiarity with digital techniques an advantage. 
Salary 
experience. 
comprehensive amentities. Applications, with details 


commensurate with qualifications and 


Contributory pension scheme and 


of age, previous experience and qualifications, should 
be addressed to The Staff Personnel Officer, Davy 
and United Engineering Company Limited, Darnall 
Works, Sheffield, 9. W 5101 


DAVY AND UNITED ENGINEERING COM- 
PANY LIMITED -vequire a Research Technician. 
Previous experience of electronics and Service Radar 
preferable and Engineering background an advant- 
age. Good conditions. Contributory pension 
schethes, sports facilities. Apply in writing with 
full details to: Personnel Department, Davy and 
United En ring Company Limited, ts 
Works, Shetheld 9. ws 


2 


ELECTRONIC ENGINEER. There is a vacancy 
in a small Research and Development Unit of a 
well-known Electrical Engineering Organization for 
a man aged 25-30 years, capable of work on his own 
initiative on the design and development of circuits 
for various types of process control and other allied 
equipment. A knowledge of transistors and their 
uses is desirable and candidates should possess a 
Degree or Higher National Certificate in Physics or 
Engineering, together with not less than two years’ 
experience of work in a similar field. A salary of not 
less than £850 is envisaged and this may be more 
according to qualifications and experience, together 
with contributory Pension Scheme and free Life 
Assurance. Applications, in writing, to Mr. D. A. 
Richards, The Plessey Co. Ltd., Forsyth Road, 
Sheerwater Estate, Woking, Surrey. W S115 


ELECTRONIC PROJECT ENGINEER required 
for interesting w« work in small “unit of large Group. 
v. V.H. F. and transistor experience coupled with ability 
to to rapidly finalise projects is a definite asset. Good 
salary and working conditions. H.N.C. normal 
minimum qualifications. Communications (Air) Ltd., 
Half Moon Street, Bagshot, Surrey. Telephone: 3085. 

W 358 





experience, 

ood Knowledge of Geoman. 

Position will entail 1-2 years’ training in Switzerland 
with a view to acting as technical and sales consultant 
to industrial clients in ye Applicants should 
submit in confidence, full details of qualifications, 
experience, references, photograph and salary 
required, to Britec Lid., 17 Charing Cross Road, 
London, W.C.2. W 5097 
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AND 23" TELEVISION CATHODE RAY TUBES 


onsen sn sll i as 


EDISWAN MAZDA TYPES 
CME1901 AND CME2301 


The CME1901 and CME2301 are, respectively, 19in. and 23in. 
cathode ray tubes using magnetic deflection and electrostatic 
focus. The diagonal deflection angle of CME1901 is 114 
and that of CME2301 is 110°. The shape of these tubes differs 
from the shape of conventional 110° tubes in that the face 
plates are more nearly rectangular. In addition the radii of 
curvature of the faces of the 19in. and 23in. tubes are greater 
than those of the 17in. and 2lin. tubes. These changes result 
in a more pleasing presentation of the picture. 


The external shape of the glass in the deflection region of these 
tubes is identical to that of conventional 110° tubes, enabling 
coils with conventional 110° internal mechanical contours to 
be used. 


With equal values of final anode voltage, beam deflection in 
the CME1901 and CME2301 can be carried out with no more 
power consumption than in the CMEI703 and CME2101. 


GENERAL DETAILS 


Aluminised screen 

Silver activated phosphor 

Grey glass 

External conductive 
coating 


Rectangular face 
Electrostatic focus 

Magnetic deflection 

Straight gun — non ion trap 
Heater for use in series chain 


Heater Current (amps) Ip 0.3 
Heater Voltage (volts) Vn 12.6 


TENTATIVE RATINGS AND DATA 
Design Centre Ratings CME1901 CME2301 


Maximum Second and Fourth 
Anode Voltage (kV) 

Minimum Second and Fourth 
Anode Voltage (kV) 

Maximum Third Anode Vol- 
tage (volts) 

Maximum First Anode Vol- 
tage (volts) 

Maximum Heater to Cathode 
Voltage—Heater Negative 
d.c. (volts) 


Via2,04 ‘max) 17 17 
Via2,24 (min) 14 15 
Vas (max) +700 +700 
Vai (max) 500 500 


Vn-« max) 180 180 


Associated Electrical Industries Ltd 
Radio and Electronic Components Division 

Technical Service Department 

155 Charing Cross Roed, London, W.C.2 

Tel: GERrard 9797 Grams: Sieswan Westcent London 


Inter-electrode Capacttances (pF) CME1901 CME2301 
Cathode to All* Ck - all 5 5 
Grid to All* Cg- all 8 s 
Final Anode to External Con- 

ductive Coating (approx.) Ca2, a4-M 1500 2000 
*Inter-electrode capacitances including AEI “Clix” B8H holder 
VH68/81 (8 pin). 


TYPICAL OPERATION 


CME1901 CME2301 

Second and Fourth Anode 
Voltage (kV) Vas, a4 16 16-17 

First Anode Voltage (volts) Vai 450 450 

Third Anode Voltage for 
Focus-Mean (volts) 

Grid Bias for cut-off of 
Raster (volts) 

Average Peak to Peak Modu- 
lating Voltage for Modula- 
tion up to 350pA (volts) 34.5 34.5 

Note: All voltages given with respect to the cathode. 


Maximum Dimensions (mm) CME1901 CME2301 
Overall Length 322 386 
Face Diagonal 476t 598+ 
Face Width 420+ $24t 
Face Height 342¢ 422+ 
Neck Diameter 29.4 29.4 
+The maximum dimension at the face seal may be 3.5 mm 
larger than this dimension but at any point around the seal the 
bulge will not protrude more than 2 mm. 


Tube Weight (Ib.) CME1901 CME2301 
Nett (approx.) 13.5 27 


Side Contact: CTS8 (Cavity) Base: B8H 


Vas (av) 1 80 l 80 


38 to 72 38 to 72 


SIDE CONTACT 
2° Sa TOLERANCE 230° 


o- 0 


VIEW OF FREE END 


EDISWAN 


MAZDA 
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SITUATIONS VACANT _(Cont’d.) 





ELECTRONIC ENGINEER. Interesting, varied 
work on scientific instruments. Small, rapidly 
expanding company provides friendly and informal 

conditions with opportunities for advancement. 
Essential qualification: a thorough understanding of 
electronic valve circuitry at d.c. and low frequencies, 
both theoretical aspects and practical application. 


Experience of transistors, printed circuits and/or 
magnetic amplifiers an advantage. State fully career 
details and salary required to Technical Director, 
Shandon Scientific Co, Ltd., 6 Cromwell ee wz. 


JUNIOR ELECTRONIC DEVELOPMENT 
ENGINEER. Familiar—general industrial elec- 
tronics circuitry—with some knowled: of chassis 
and case design, etc. £650-£800 p.a. Staff position, 
rg scheme, sick club. Write: Grundy & Partners 

d., 3, The Causeway, Teddington, Middx. W 5135 





LABORATORY SENIOR TECHNICIAN 
(Physics) ween Mary College (University of 
London), Mile End Road, E.1. Salary placing on 
scale £690 x £25—£815 p.a. according to ability. 
London Weighting up to = and possible qualifica- 
tions supplement of £30 or £50. Pension Scheme. 
Five day week. Four ossiie annual leave. The 
person appointed will if found suitable be in charge 
= the electronics workshop. Letters only to 

trar (PST), stating age, full details ree 
—- present work. W 5134 


LABORATORY TECHNICIAN (PHYSICS) 
Queen Mary College (University of London), Mile 
End Road, E.1. Salary according to ability on scale 
£490 p.a. by 20/25 to possible £675. Plus London 
Weighting £30 to £45 according to age, and sible 
of £30. Pension Scheme. 
Five day week. Four weeks annual leave. Electronics 
experience desirable. The person appointed will work 
on a D.S.LR. supported project dealing with extreme 
infra red spectroscopy. Appointment in first instance 
for about 2} years with possibility of permanency. 
Letters only to Registrar (PT), stating age, full 
details experience and present work. W 5133 





LOUIS NEWMARK LIMITED, leading com- 
pany in the design of auto pilots for helicopters are 
pn their facilities at their Development 

Laboratories at Croydon and have the following 
vacancies to be filled immediately. Engineers and 
Assistant Engineers with degree or N.C. and 
experience in the field of light electrical engineering, 
electronics, electro mechanical devices or semi 
conductors, to work on the development, installation 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. Pension Scheme. Apply 
in writing, giving full particulars, to: Personnel 
Officer, Louis Newmark Ltd., Prefect Works, Sorter 
Way, Croydon, Surrey. W 351 


MINISTRY OF AVIATION, Welwyn Garden 
City, requires Technician to assist in supervision of 
inspection of airborne and ground radar communica- 
tion and special electronic equipment at contractors’ 
works, Qualifications, recognized Engineering 
apprenticeship or equivalent training. O.N.C., 
C. & G. Final Certificates or equivalent. Sound 
technical knowledge of electronics. Experience of 
inspection of electronic equipment an advantage. 
Salary, £961-£1,098. Technical College courses 
sponsored for suitable candidates. Good prospects 
for promotion and pension. Forms from Manager 
3), Ministry of Labour, Professional and 
Executive Register, Atlantic House, Farringdon 
Street, London, E.C.4. W 5113 


OVERSEAS. Electronic Technicians are required 
by an Oil Exploration Company with Headquarters 
in the U.K. Men should be single on joining. Work 
will include the maintaining and operating of 
field equipment often under conditions of desert, 
jungle, and swamp. The equivalent of an H.N.C., 

with practical experience in electronics, is essential. 
Tours overseas are of up to two years followed by 
home leave. Write with full particulars, covering 
any time spent in the Forces, to Box No. W 356. 


OPERATOR is required for a Geophysical Playback 
Centre, Sasaporating multi-channel magnetic 
recorder —— Should have 
HLM. y 


practical 
experience; 





Bans memo Geld or playback experi- 
ence, would be an advantage. Hayes-Orpington area. 
Box Number W $127. 


ELECTRONIC ENGINEERING 


RESEARCH AND DEVELOPMENT. Due to 
internal 
Engineers and Assistants. in our Research and 
Development Departments, which are concerned 
with fundamental problems of temperature measure- 
ment and with the development, prototype manu- 


promotions there are vacancies for 


facture, and approval testing of components and 
systems for Aircraft and Industrial Equipment, 
H.N.C. with 
some experience of industrial Research and Develop- 
ment, or experimental engineering work. Experience 
of transistor circuitry would be an advantage. The 


principally Electro-Thermal devices. 


diverse nature of the mechanical, electrical and 


electronic problems of these departments will appeal 
to applicants with wide interest and a versatile 


approach. Applications to Personnel Manager, 


Wilkinson Sword Limited, Colnbrook, nr. Slough, 
Bucks (Tel.: Colnbrook 2345). W 5114 


SENIOR DEVELOPMENT ENGINEER 
required for work on ey and industrial 
instruments for contro! systems. plicants should 
hold a Degree, Dip.-Tech., or H.N. BP with a sound 
academic knowledge of control systems and a 
minimum of 3 years’ experience in electronic 
instrumentation, servo-mechanisms or analogue 
computing units. Experience in transistor circuit 
design would be an advantage. The position will 
involve working in collaboration with consultants 
and developing basic ideas for instruments to the 
production stage with the assistance of a small team 
of technicians. The salary will be about £1,500 p.a. 
The working location is Crowborough, Sussex. The 
company is a young one but intends to grow. Apply 
to the Managing Director, Feedback Ltd., Crow- 
berough, Sussex. W 5126 


W. H. ALLEN SONS & CO. LTD. requirea 
Senior Servomechanisms Engineer. Applicants 
must have a sound knowledge of servo theory and 
be experienced in the design of circuitry using 
transistors. At least 5 years’ experience, a degree or 
good H.N.C. are the minimum qualifications. 
Age 28-45. Good prospects are open to the right man. 
Write for application form and conditions of service, 
etc., to: The Personnel Manager (Ref. 1007/3/1), 
Queens Engineering Works, Bedford. W 5117 


YOUNG ELECTRONICS ENGINEER 
required by well-known London firm of Chartered 
Patent Agents with a electrical practice. 
Should have Honours Degree, be aged 25 or under 

be prepared to =~ for qualifications as 
Chartered Patent an graduating this year 
might be suitable. 4 giving = particulars as 
to age, qualifications, etc., Box No. G4505 c/o 
Whites, 72 Fleet Street, London, E.C.4 W 5095 
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SERVICE ENGINEER required by Northern 
Electronics Instrument Manufacturer. Interesting 
work on all types of electronic testing instruments. 
Staff Pension Scheme and prospects of promotion. 
Applicants should state experience, qualifications, 


age and present salary. Box No. W 5107. 


SITUATIONS WANTED 





GRADUATE IN MATHEMATICS and 
Physics (26 years of age) with 2 years’ Industrial 
experience as a Mathematician and 24 years as an 
Auto-pilot Servo-Engineer, wishing to widen his 
experience in the field of Automatic Control, desires 
proffessive post with large or small organization. 
Analogue techniques have been sole experience to 
date, but is interested also in digital techniques. 
Box No. W 2026. 


EDUCATIONAL 


CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook 
—FREE and post free. B.I.E.T. (Dept. are 
29 Wright’s Lane, London, W.8. W 316 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘as you 
learn’. Free Brochure from Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 353 


NORTHAMPTON COLLEGE OF AD- 
VANCED TECHNOLOGY, St. John Street, 
London, E.C.1. Department of Productiou Tech- 
nology and Control Engineering. Post-graduate 
Diploma Course in Industrial Automatic Control. 
Eight places are offered in the next Post-graduate 
Diploma Course in Automatic Control which will 
start on 2 October, 1961. The course is full time and 
lasts one academic year. Academic qualification for 
entry is a Degree or Diploma in Technology in 
Science, Engineering or Matnematics, or an equivalen 
Science, Engineering or Mathematics, or an 
equivalent qualification. Some industrial experience 
is also required. On successful compietion of the 
course students are awarded the Post-graduate 
Diploma of Northampton College, London 
(D.N.C.L.). Grants may be available for suitable 
students. Those interested are invited to apply_to 
the Head of Department of Production Technolog: 
and Control Engineering. W Si 


TV. AND RADIO—A.M.BritI. RE. City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 oo cent successes. For 
details of Examination and me Training Courses 
(including practical apparatus) in all branches of 
Radio, TY. and Electronics, write for 148-page 
handbook—Free. B.I.E.T. (Dept. 337H), 29 Wright's 
Lane, London, W.8. W 187 





CLASSIFIED ADVERTISEMENTS 
continued on page 2/0 
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EE 32 264 for further details 


This 3-gang assembly, Type 50-BMG3, 
will control 22-5 kVA, 3-phase or 
single-phase according to connection. 
Larger assemblies can be made. 


AP IAC 


Regd. Trademark 


wm Duratrak * 


THE MOST USEFUL DEVICE KNOWN 
FOR THE CONTROL OF AC VOLTAGE 


VARIAG is the original continuously-adjustable auto-trans- 
former, providing a smoothly variable output from zero to line 
voltage and above. 


VARIACS are available in a very wide range of models from 
small units for laboratory-and instrument use to large ganged 
assemblies for three-phase power. 


VARIAGS are available open or covered, as single units or 
ganged assemblies, for manual operation or motor-driven. 


The range includes portable, 
metaiclad and oil-immersed 
models, dual-output types, 
high-frequency types and 
many ‘specials’. 

Write for complete 
information. 





* Duratrak ? pales 


Duratrak (Regd. Trademark) é ey Type V-SHMTF, provides 

—a patented* feature exclusive to Variac —is a ie Gn output of 0-270 V,2 A, 

special plated contact surface giving longer ie from 240 V 50 cis mains. 

life, increased overload and surge capacity and a A still smaller model, 

maximum economy in maintenance. Duratrak is now Type V-3H is 

standard on all models except Series 50. rated at | A, 
* UK. Pat. No. 693406 


onty VARIAC nas DURATRAK 


Dlaude Ayons Mtd. € 


Valley Works - Hoddesdon . Herts - Tel: Hoddesdon 4541-6 
and 76 Old Hall Street - Liverpool 3 - Tel: CENtral 4641-2 
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Usuvensrrv ©F CAMBRIDGE. Department 


Postgraduate Course in Control 
Engineering. 
and will tase we hg Pest 
approximately nine mont! is course 
has been established 1 in order to meet the needs of 
sree bd men sega d toa - A standard in the 
Principles and ical appl 


automatic control and to ‘d opportun ~~ 4 
a affor ity for s 
of advanced and 4 4 





details 
Cambridge Ee ee berg 
ity t 
Engineering, Trumpington Street, emma e100 





INDUSTRIAL PREMISES 





FARNHAM, SURREY. Excellent modern brick- 
built light industrial premises of 1,200 super feet, 
-— je ae main water, elect. (3 phase), drainage 

togethe; with a Modern Bun: alow 
C1987) wih ticki soem 16 ft 6 in. x 13 ft., sliding 
doors to room 13 ft. x 12 ft., agfitted kitchen, 
3 oo hb bathroom and separate W.C., 3 gar: 

w plot with planning pH. ny or 


one. £7,950 Freehold. W 5118 





CAPACITY AVAILABLE 





CAVE, SMITH 2. COMPANY LTo., 
have ca or sub-assembly 
of all ronic es as haae tes 
harnesses. Contract, tae seal short runs = 
regular production. Delivery 

inquiries to Union Street, Hereford 6 6063. 





ses kept. 
W 2001 


DON’T FORGET Precision Units Ltd., Seacrest 
Works, Church Road, Parkstone (1664), Dorset, for 
Machine Engraved iabels in plastic and metal. 
Keen prices. Reliable delivery. First Class 
ductions. Ww 


ELECTRONIC ASSEMBLY & a 
capacity available backed by ‘=n machine 
facilities. D.E.1. approved. G. H. Geren’ 
101-105 Nibthwaite Road, 


Company Limited, 
Harrow 3536. Ww 4025 


Harrow, Middlesex. 


IMMEDIATE CAPACITY AVAILABLE for 
Coil Winding. Specialists in Wave Winding. Wirin 
of V.H.F. and Electronic Equipment. Small batc 
or production runs. High standard of work. Elec- 
tronic Service, 282 Sussex Way, N.19. W 2029 


OUR = Torcidal ba, & Machines. 
Capacity available for winding Core ving finished 
i/d gy in. up to 24 in. o/d with 6 in. maximum 

Experienced engineers, skilled operenems, are 
ava: she ta pive aficions service and speedy delivery. 
Inquiries: Production Engineer, Toroid Division, 
Aveley Electric Limited, South Ockendon, wink 
(SOO 3444). 





WANT A LONDON SHOWROOM? 
Technical Representative with London showroom, 
installation and service facilities, requires agency for 
electro-mechanical equipment. Box No. W 2028. 





PATENTS 





PATENT Wo. 710,471, entitled “Improved 
Method of and Means for Making Electrical Con- 
nections”, is for sale or licence. For details apply to 
Chatwin & Company, Chartered Patent so, 253 
Gray’s Inn Road, London, W.C.1. 





SERVICE 





ENVIRONMENT CABINETS. Why use anti- 
quated methods to obtain Low Temperatures when 
they can be obtained by the flick of a switch. Used 
for Metal Treatment, Research, Testing, Storage and 
Preservation. Will Lec Cabinet Temperature ranges 
from Plus 100 C to Minus 100 C cover your re- 

uirement ? Write for further details to—Low 

emperature Division, Lec Refrigeration oe 
Bognor Regis, Sussex. 5029 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision = 
extra production facilities for you. See page nes 


METALWORK. All types cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. wees 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions of 
to 3 KVA. Prompt delivery. Suppliers 


TECHNICAL TRANSLATIONS—TRADUC- 
TIONS TECHNIQUES. Francais-angiais. P. J. 
Arthern, 34 Oxford Road, Carshalton, Surrey, 
England. W 2027 








FOR SALE 





LARGE STOCK of various surplus, electrical 
insulating materials in sheet, strip, tube, bar and rod 

quantity of 12 in. by 8 in. pieces of 

of light, up to } in. thick; also 
ey new & of light, screened, cable in various 
sizes. Woodfiel Turner, Lid., coe hoe 
78134). 5018 





FOR SALE: One Semi-Automatic Temperature 
Coefficient of Capacitance Test Apparatus Mark IT 
Designed by Signals Research Laboratory for high. 
speed testing of capacitors. Full details and reduced 
price from L. Solloman Ltd., Beaufort Street, 
Manchester, 3. Telephone: BLA 4571. W 5032 





50,000 PRECISION INSTRUMENT GEARS 

of all A from stock. (Now including spiral 

rite for fully comprehensive catalogue 

thet Deval Gear Company Limited, Potters Bar, 
Middlesex (Telephone No. Potters Bar 2382) 

W 357 





Apply for rates to:— 


ELECTRONIC ENGINEERING 


And solve your problems 


ADVERTISEMENT DEPARTMENT, 28 ESSEX STREET, STRAND, LONDON, W.C.2. 
OOOOSSOOOSOOOSOOSOOOOSOOODOSHHOOOHOHOSHOOSOSOOSHOOHSOOOOOSOOSHOO08000800900 


210 


STAFF PROBLEMS? 


Take a Classified Advertisement in 


Hectronic Engineering 


APRIL 1961 





SITUATIONS VACANT (Cont'd.) 





conductor devices. 


JRP 1-3 should please be quoted. 


ialerranti 


OPPORTUNITIES IN PRODUCTION ENGINEERING 


The expanding programme of the Company in the important new field of 


SEMI-CONDUCTOR DEVICES 


gives rise to vacancies for 


QUALIFIED ENGINEERS AND PHYSICISTS 


as follows :— 


SENIOR PRODUCTION ENGINEERS with direct experience of the production of semi- 


PLANNING & PRODUCTION ENGINEERS possessing H.N.C. in Electrical Engineering 
and whose experience suggests that they are likely to be successful in the handling of problems 
arising in the quantity production of small electronic devices, even if not actually in this field. 


TECHNICAL PROCESS ENGINEERS of graduate status for the technical control of production 
and for the development of production processes. 


Application should be made in writing to T. J. Lunt, Staff Manager, Ferranti Limited, Hollin- 
wood, Lancs, giving in the first instance brief details of qualifications and experience. Reference 











MULLARD SOUTHAMPTON WORKS 


There is a vacancy for an 


to take charge of a section of the Quality Labora- 
tory dealing with all aspects of quality control, 
measurements, life testing, etc., on rectifiers and 
thyristors. 


The job entails responsibility for quality of the 
products and includes liaison with Technical/Com- 
mercial Departments and Applications Labora- 
tories. The post calls for a minimum qualification 
of a University Degree in Science or Electrical 
Engineering or Graduateship of the I.E.E. Ex- 
perience of the applications of electronics, prefer- 
ably in the control field, is required and experience 
in the power field would be useful. 


Candidates interested in joining the Mullard 
Semi-Conductor Centre in this capacity are 
requested to apply in writing to the Plant Personnel 
Officer, Mullard Southampton Works, Millbrook 
Industrial Estate, Southampton quoting the refer- 
ence C.24. 


“ Mullard” is the Trade Mark of Mullard Ltd. 











UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 
PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:— 


Works Labour Manager, Works Labour Manager, 
Windscale and Calder | °° Chapelcross Works, 

‘ Annan, Dumfriesshire, 
Seascale, Cumberland. Scotland. 
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United Kingdom 
Atomic Energy Authority 
and 
National Institute for 
Research in Nuclear Science 


INSTRUMENTATION AND 
DATA HANDLING 


for 


NUCLEAR PHYSICS 
RESEARCH 
at HARWELL 


Scientists are required by the U.K.A.E.A. and by the National Institute 
for Research in Nuclear Science for the study of advanced instrumenta- 
tion problems associated with the use of large particle-accelerators in 
Nuclear Research at the Atomic Energy Research Establishment and 
the Rutherford Laboratory, Harwell. They will collaborate closely with 
scientists conducting experiments with such machines as the Cyclotron, 
the Tandem van-de-Graaff, the Proton Linear Accelerator, the Neutron 
Booster and the 7GeV Accelerator now under construction. Theré is a 
wide variety of problems to be tackled, such as the use of scintillating 
materials or semi-conductors to record rare nuclear disintegrations or 
the paths of nuclear particles, high-speed information storage and 
specialised data handling for the analysis of nuclear events, and the 
measurement of time intervals of the order of | millimicro-second. 


Preference wili be given to candidates with experience in some of 
the above fields or in experimental Nuclear Physics, but all 
applicants should posess first or good second class honours 
degree, preferably in Physics or Electrical Engineering. 


Salary will be according to experience in the following ranges 


Principal Scientific Officer: 
Senior Scientific Officer: 
Scientific Officer: 


£1,840—£2,590 p.a. * For 3 years post-graduate experience starting 
£1,440—£1,770 p.a. salary will be at least £1,010 per annum. Housing 
£790—£1.310 p.a and contributory pension schemes. 


Send POSTCARD for details to Personnel Manager (1888/42) U.K.A.E.A. A.E.R.E., Harwell, Didcot, Berks. 








E|LIOTT 


High Voltage Tube 


Engineers 


Vacancies exist in our High Voltage Tube 
Division for Qualified High Voltage Tube 
Engineers with development and manufacturing 
experience of X-ray tubes, thyratrons, rectifiers 
or transmitting valves, for interesting develop- 
ment work on new types of high voltage 


electron tubes. 


Applications should be addressed to: 
The Personnel Manager (Ref. 325) 
ELLIOTT BROTHERS (LONDON) LIMITED 


Elstree Way, Borehamwood, Herts. 
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ACROSS 
1. Whom do we want? 
6. Who are we? 
10, What is our business ? 
14. What experience are we looking for ? 


ALL THE ANSWERS FOR 
TRANSISTOR ENGINEERS 


We shall be pleased to arrange informal interviews at 
weekends if desired. Please write in confidence to 
the Personnel Officer, or phone Portsmouth 62271. 


G.E.C. APPLIED ELECTRONICS LABORATORIES 
THE AIRPORT, PORTSMOUTH. 
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RANK PRECISION INDUSTRIES LIMITED 
Central Research Laboratories 


have a vacancy for a 


SENIOR ELECTRONIC ENGINEER 


for logical and circuit design associated with digital 
computer printing systems. Initially the work will 
be individual systems design associated with the 
Xeronic high-speed computer printer, but later will 
include work on other printing devices. 

Applicants should have several years design 
experience and be able to work without detailed 
supervision. 

A staff pension scheme is in operation and salaries 
are reviewed annually. 

Please apply in writing, giving details of qualifica- 
tions and career so far, to:— 


Mr. K. G. Huntley, Chief Electronics Engineer, 
Central Research Laboratories, 
RANK PRECISION INDUSTRIES LIMITED 
Sulgrave Road, Hammersmith, 
LONDON, W.6. 











APPLIED RESEARCH 
NON-DESTRUCTIVE TESTING. 


STEWARTS AND LLOYDS, LTD., 


Department of Research and Technical Development, 
Scottish Section 


PHYSICIST or ENGINEER 


A qualified man is required to lead a section engaged in the 
application of non-destructive testing methods to steel tubes 
and manipulated pipework. 


Candidates must possess a degree in Physics or the Diploma 
of Technology in Applied Physics. Familiarity with ultrasonic 
testing is essential, but experience in the field of sound 
reproduction or accoustical engineering might be acceptable. 


A salary in line with present achievement will be offered. 
Staff Pension and Life Assurance Scheme in operation. 


Written applications, giving full details of age, education, 
qualifications and experience, should be sent to 


The Manager, 
Personnel Services, 
Clyde Office, Coatbridge. 








SENIOR 
MIGROWAVE 
ENGINEER 


One of the most progressive electronics com- 
panies offers an outstanding opportunity for a 
man with the right qualifications to work in a 
pleasant and healthy seaside atmosphere yet 
within an hour’s train ride from London. 


The successful candidate will take control of 
a team engaged in the design of microwave 
components, duplexers and aerial systems. 
Qualifications up to degree standard, and 


experience in this field are essential. 


There are also excellent openings for both 
senior and junior engineers to work on a wide 
variety of special components in the radar field. 


For an interview with 
the Manager of the 
Aviation Division, 
write to the 
Personnel Manager, 


EKCO ELECTRONICS LTD 


Southend-on-Sea * Essex 
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SEMI-CONDUCTOR MEASUREMENTS AND 
APPLICATIONS LABORATORY 


Mallard MULLARD SOUTHAMPTON WORKS 


This is an advanced Laboratory which is rapidly 
expanding under the direction of Mr. E. Wolfendale. 
The aim of the Laboratory is to act as the basis for the 
Mullard comprehensive consultant service to industry 
on the application of transistors and associated semi- 
conductor devices. There are vacancies for 


SENIOR AND JUNIOR ENGINEERS 


capable of clear and logical thought in the solution of 
new problems in circuit techniques to work in the 
following fields:- 


TELEGOMMUNICATIONS 
COMPUTERS 

PULSE TECHNIQUES 
INDUSTRIAL CONTROL 


Experience of transistor circuitry is not essential as a 
well organised training scheme exists within the 
Laboratory designed to give a comprehensive introduc- 
tion to the transistor. 


Please apply in writing to the Plant Personnel 
Officer, Mullard Southampton Works, Millbrook 
Industrial Estate, Southampton, quoting the reference 
Css. 


* Mullard” is the Trade Mark of Mullard Ltd. 








REMOTE SUPERVISORY CONTROL 


Serck Controls is an expanding organisation developing 
advanced systems of digital electronic equipment which are 
rapidly finding acceptance in the oil, gas, water and elec- 
tricity industries both at home and abroad. 

Further staff are required to assist in the development of 
exciting projects. 


DEVELOPMENT ENGINEERS @ 
These should be in the age group 23-35 with a degree or 
H.N.C. preferably with a knowledge of logical techniques 
using solid state devices. 


CONTRACTS ENGINEERS 

These should be technically qualified and in the age group 
25-35. Familiarity with instrumentation and/or communi- 
cations and with an appreciation of an electronic approach 
together with an understanding of systems is essential. A 
facility for communicating ideas both personally and in 
writing is necessary. Opportunities for installation and 
commissioning work overseas may arise from time to time 
in the future. 


TECHNICAL ASSISTANTS 

These should be in the age group 20-30 and of O.N.C. 
(electrical or electronic) standard and should have the 
potential to become Engineers in the near future. 

These appointments will be of interest to those who are 
prepared to work hard towards the achievement of clearly 
defined objectives as members of a team. Success will be 
rewarded both financially and by additional responsibility. 
Applications to:— 


SERCK CONTROLS 
Parkfield House, Dorridge, Solihull 
Warwickshire 
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ENGLISH ELECTRIC VALVE 
COMPANY LIMITED 


Microwave Research 
and Development 


The Company has considerable effort engaged on 
research and development into very low 
microwave tubes. 


Physicists and Engineers are required to assist in 

this programme and whilst we would prefer 

graduates with experience in this field of 

activity, we would be pleased to hear from 

graduates with good Honours Degrees backed 

up with industrial experience in light electrical 
or electronic companies. 


Employment would be at the Company’s Works 
in Chelmsford, Essex. 


Inquiries should be addressed to Group 
Personnel Services, English Electric House, 


Strand, London, W.C.2, quoting reference 
EEI5S06M. 
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ELECTRONIC ENGINEERING 


Hawker Siddeley Aviation 


LIMITED 


GUIGBERB WEAPORS 








Trials Department Weapons Research Division 


Technical 
Assistants 


Experienced Radio and Television Service Engineers or Test Engineers 
with considerable experience in the testing of industrial electronic equip- 
ment are invited to apply for the above positions entailing the ability to 
test, programme and service Missile Telemetry and associated equipment. 
The work includes the testing of prototype equipment; the manufacture 
of test equipment and the servicing of commercial test gear, and is both 
interesting and varied. 

The Division is situated on an airfield in rural Cheshire close to housing 
and shops and on main bus routes. A Superannuation scheme is in 
Operation and there are good Canteen facilities. 

Apply, quoting Ref. WRD/TD/R. 91/E to: 


The Personnel Manager 
A. V. ROE & CO. LIMITED 
Greengate, Middleton, Manchester 
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SENIOR SALES 
LIAISON ENGINEERS 


This Company wishes to provide a more comprehen- 
sive service to its customers in the industrial electronics 
field by the appointment of one or more additional 
senior Sales Liaison Engineers. 


Applicants must be educated to at least H.N.C. level 
with experience in electronic or light electro mechanical 
systems design or development. In addition an ability 
to assess market potentials and to grasp commercial 
implications of new projects is essential. 

This is a senior position, reporting directly to the 
General Manager, and applicants (30-45) must be 
able to produce evidence of a mature outlook in such 
work. 


Salary by arrangement (car provided). Centre of 
operations—not necessarily Poole—can be decided 
after discussion. 


Write, giving fullest details to:— 


General Manager, 


SIDNEY S. BIRD & SONS LTD. 
Fleets Lane, Poole, Dorset. 














ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL 


requires a 


TECHNIGAL AUTHOR 


To assist in preparation of illustrated descriptive 
catalogues and specifications for electronic components 
and to serve on standardisation committees for such 
components. 


SALARY: £1,060-£1,210 p.a. 


Applicants should have served a recognised apprentice- 
ship or have had equivalent training in electronic 
engineering. 


Familiarity with R.C.S.C. standardisation technique 
desirable and a National Certificate would be an 
advantage. 


Housing and contributory superannuation schemes. 


Send POSTCARD for details to Personnel Manager 
(1906/42/.) U.E.A.E.A., A.E.R.E., Harwell, Didcot, 
Berks. 











(BRUSH 


(A member of the Hawker Siddeley Group—Industrial Division) 





RESEARCH DIVISION 
INDUSTRIAL ELECTRONICS 


Sales Specialist Engineer 


A Senior Engineer is required to act as Sales 
Specialist for a wide range of industrial electronic 
equipment which includes calculators, remote 
control devices, telemetry and a variety of instru- 
mentation systems. Candidates should possess 
good academic qualifications and have had several 
years experience in both technical and sales fields. 


Engineering Staff 

Vacancies also exist for Senior and Intermediate 
Grade Research Engineers with at least three years 
experience of applied research in one or more of 
the following fields :— 


Instrument Design 
Pulse Circuitry 
Digital Computers 
Transistor Circuitry 
System Design 

Line Communication 


Applicants for these posts should have at 
least a good Honours Degree in either Elec- 
trical Engineering or Physics. Where appro- 
priate, appointments will be made as Section 
Leader or Group Leader. 


The Company is situated on the outskirts of a small 
town, amid the pleasant Leicestershire countryside 
away from the smoky industrial environment. 
Schooling facilities are good for all grades of 
education, including advanced studies at technical 
colleges and universities in the district. In appro- 
priate cases, assistance with housing and removal 
expenses can be considered. 


Applications, WHICH WILL BE TREATED IN THE 
STRICTEST CONFIDENCE, should give details of 
experience and qualifications and be addressed to 
Mr. A. Garner, 
Brush Electrical Engineering Company Ltd., 
Loughborough, Leicestershire, 


quoting reference: PL.9929. 
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ENGINEERS 9“ sauusnc 
MISSILE 


for EARLY 
WARNING 


Personnel Section SYSTEM 


The vital and challenging BMEWS project offers excep- 
tional opportunities for well qualified electronic engineers 
with initiative and enthusiasm to branch out into the 
Technical Personnel Selection field. These are careers both 
of importance and very great interest, and involve assisting 
the Senior Technical Personnel Officer in the recruitment of 
Electronic Engineers and Technicians. 


The men we choose will receive every assistance in 
familiarising themselves with the various aspects of their 
work, which includes all facets of staff recruitment, particu- 
larly sources of recruitment from industry; job evaluation 
to determine the type of men needed; classifying applications, 
interviewing candidates and assessing their potential. 


Qualifications include H.N.C. in Electrical Engineering, 
preferably with endorsements in Electronics, plus 3 years 
minimum industrial experience. 


These careers carry generous salaries according to 
responsibility. 
Please write briefly, quoting ref. POTS, to:— 
The Personne! Manager, Special Projects Division, 


RCA GREAT BRITAIN LIMITED 
AN ASSOCIATE COMPANY OF RADIO CORPORATION OF AMERICA 
Lincoln Way, Windmill Road, Sunbury-on-Thames 
Middlesex. 








ELECTRONIC ENGINEERS 


Vacancies exist in our High Voltage Tube Division for 

Qualified Electronic Engineers able to design test ard 

measuring equipment required for the development of 
specialized high voltage electron tubes. 


Applications should be addressed to: 
The Personnel Manager (Ref. 326), 
ELLIOTT BROTHERS (LONDON) LTD., 
Elstree Way, Borehamwood, Herts. 




















MANAGING DIRECTOR 


Manufacturers of electronic instruments in the U.S.A. now establishing 
a manufacturing facility in the U.K. invite applications for the position 
of Managing Director. A degree in engineering or equivalent professional 
qualification and previous management experience in a medium-sized 
company are essential. Preferred age is 35-45 and applicants must be 
willing to undertake training in the U.S. Applications are also invited 
for engineering and technical posts. Reply in confidence to: 


MR. WILLIAM P. DOOLITTLE 
HEWLETT-PACKARD S.A. 
RUE du VIEUX BILLARD No. | 
GENEVA, SWITZERLAND 





PROJECT LEADER Ga 


A Company, well-known and expanding 


. 
in the electronic field, has established a e le ctron ics 
group of engineers to develop Static Power 


Conversion devices, and requires a Project 
Leader to contro! and expand this team. 


Electronic engineers are invited to apply for this position, which 
demands ability to inspire and lead, together with technical 
competence of a very high order in this field. 


The appointment carries senior staff status, and a salary of about 
£1,750 per year is envisaged 


The prospects of further advancement for the selected applicant 
are excellent. 


Please reply, giving full details, to Box No. W.5099. 











GRANADA TV 


are establishing a Design and Development Section 
in Manchester. Applications are invited for 


ENGINEERS 


ina number of posts who have had experience in 
some or all of the following fields of television, 
radio frequency, pulse circuitry and the application 
of transistors to communications work generally. 
The Company operate a 5-day week and have a 
generous Pension and Life Assurance Scheme. 
Applicants should write giving details of qualifications, 
experience and present salary to Norman Price, Personnel 
Manager, Granada TV Network, Limited, Manchester 3. 
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CROSFIELD 


es 


ELECTRONIC ENGINEERS 


for transistor and valve circuit design of Electronic 
and Optical-Electronic equipments for use in 
interesting industrial applications. These rewarding 
posts are open to conscientious and hardworking 
men with qualifications and experience in this field. 
Do not hesitate to write in confidence to us if you 


consider yourself a suitable candidate. 


CHIEF ENGINEER, 
GRAPHIC EQUIPMENTS DIVISION, 


J. F. CROSFIELD LTD. 
2 Elthorne Road, London, N.19 
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METALS DIVISION 


A 
SENTOR 
INSTRUMENT DEVELOPMENT ENGINEER 


is required to lead a team of Engineers and Draughtsmen in the Metals Division Engineering Depart- 
ment at Witton, near Birmingham. 

Candidates, preferably in the age range 30-40, should have a degree in Physics or, possibly, light 
Electrical Engineering. Knowledge of the light electrical field of automatic control, non-destructive 
testing of materials or some experience of the general field of industrial instrumentation will be an 
advantage. 

There is an attractive starting salary with prospects of advancement. There are Profit-Sharing and 
Staff Pension Fund schemes in operation. Assistance can be given towards house purchase and removal 





expenses for a married man. 
Please write for an application form to the:— 
Personnel Manager (Staff), 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
Metals Division, P.O. Box 216, Kynoch Works, 
Witton, Birmingham, 6, 


quoting ENG 481 EE 








[al erranti computers 


AUSTRALIA 


Ferranti Limited is expanding rapidly. For our Australian 
Organization we are now seeking one more outstanding 
man: young (25/35) capable and prepared to accept 
responsibility. 


The right man will already be a competent 


ELECTRONIC COMPUTER ENGINEER 


but may be thinking of widening his horizons. He may be 
thinking of emigrating or be an Australian wishing to return 
home. 


The man we want must be experienced in the development, 
installation and care of electronic and solid state com- 
puters and their associated equipment. His technical 
ability and personal qualities should permit him to lead 
the team which he will later recruit. 


The first task will be to assist in the development of new 
equipment here in England, then to take this equipment to 
Australia, and there to establish our Engineering Organiza- 
tion. 


This is a challenge and an ideal opportunity for the 
right man. The salary will be most attractive, as the 
job will demand much of the man selected. 


Apply in writing stating qualifications, experience and 
rsonal details to T. J. Lunt, Staff Manager, Ferranti Limited, 
ollinwood, Lancs. Please quote reference FA. Subsequent 
interviews will be held in London and/or Manchester. 








FLIGHT 
OPERATIONS 


TECHNICAL OFFICER for operational research work 
and investigation into operational deficiencies of communica- 
tion and radio aid systems used in BEA aircraft. He will also 
represent BEA at national and international discussions on 
planning and implementation of such systems. A Science 
degree or equivalent qualification and significant experience 
in the field of aeronautical navigation and communications is 
essential. Flying experience an advantage. Salary range 
£1 ,237-£1,750. 


BEA 


FLIGHT SIMULATOR ENGINEER for mainten- 
ance, overhaul and minor development work on electronic 
flight simulators. He should have served a recognised engin- 
eering apprenticeship, possess ONC (Electrical) or its equiva- 
lent and be experienced in the maintenance of electronic 
equipment. Salary range £930-£1,140 plus shift pay. 


Detailed applications to: 
Senior Employment & Services Officer 
Flight Operations Department, BEA 
Bealine House, Ruislip, Middlesex 
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MICRO -CIRCUITRY 


A new 


advance 
aided by 
VACUU be ACTUAL SIZE 


A TYPICAL EXAMPLE 


Complete current networks containing resistors 

Cc Oo A T t ae G and capacitors can now be deposited by evapor- 
ation in vacuo. The example shown contains 4 

resistors and 2 capacitors and associated inter- 

connections. With 2 external transistors it 

forms a multivibrator circuit, similar to 

the type used in electronic computers. 


The development of high quality vacuum deposi- 
tion techniques has made a valuable contribution 
to research into ‘‘microminiaturised’’ transistor 
circuitry. Capacitors and transistors of great 
reliability and greatly reduced dimensions are 
further examples of the precise and accurate 


coating possible with ‘‘Speedivac’’ equipment 


I Miniature resistors by the evaporation 
of suitable nickel/chromium alloys. 


2 Miniature capacitors by using multi- 
layers of aluminium/silicon monoxide 
aluminium. 





VACUUM “POTTING” PLANT Simple miniature circuits containing 


We also manufacture vacuum “POTTING” units resistors and capacitors using suitable 
which eliminate the risk of moisture, gas-bubbles masking techniques. 

or any foreign matter interfering with performance 
or stability of circuits or any delicate electronic 


Circuit substrates can be of glass or ceramic 
components. 


with a suitably smooth surface. 














| 


EDWARDS HIGH VACUUM LTD onawisy SUSSEX ENGLAND | 


Crawiey 1500 
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ACCURACY 


on a wide front 


The Cambridge Universal Bridge is used extensively 
for the routine checking of electrical products, and 
also in laboratories and test rooms, where a compact 


Cambridge 


Universal Bridge (for AC operation) in teak case, 


elements employed are a decade resistance and a 
decade variable mutual inductometer of toroidal con- 
struction, both of which are accurate to within 


$0.1% 


over the greater part of their ranges. 

The apparatus gives direct reading for all primary 
electrical quantities except frequency. 

Send for List AN30!. 


portable apparatus capable of a wide variety of 
measurements is required. It can be supplied for 
either AC mains or battery operation, and is fitted 


with a telephone detector. The main measuring For future publications, ask for Mailing Form AN/4/61. 


FOR THE ACCURATE MEASUREMENT OF 
RESISTANCE, INDUCTANCE AND CAPACITANCE 


UNIVERSAL BRIDGE 

CAMBRIDGE INSTRUMENT COMPANY LTD. 13 GROSVENOR PLACE, LONDON, 8.W.1 
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**CERAMITE”’ 


(Regd. Trade-Mark) 


CERAMIC EMBEDDED RESISTORS 


EE 32 267 for further details 


Values up to 200 k.ohms: 


TYPE APPROVED - CLASS H.1 


New catalogue TG. Issue 4 available on request. 


ratings 5-200 watts. 





Primed in Greet Britain by The Press at Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, ee Suton (Publishers), Led., 28, Essex Street, Strend W.C.2. 


ELECTRONIC ENGINEERING 


Registered for Transmission by Canedian Magazine 


220 


234/68 


APRIL 1961 





EE 32 003 for further details 


A208 Descotdal Feed-Thru 


Ceramicons 


The Erie Discoidal Feed-Thru Ceramicon, 
which has been specifically designed for UHF 
applications, embodies a dielectric of disc 
form enclosed in a metal shell, thus producing 
a radial current pattern, and so ensuring mini- 
SPECIFICATION mum inductance and minimum radiation, which 
are essential requirements for all such appli- 
cations. 
TOLERANCE : -20% +80%. Other important features of design are the 
short heavy terminations, which further mini- 
mise inductance, and, hermetical sealing, 
which provides mechanical strength and full 
climatic protection. 
The result is a truly outstanding and rugged 
component which will commend itself to all 
those concerned in the design and manufacture 
of UHF equipment. 


3% |, HEDDON STREET, LONDON, W.! 

® Telephone: REGent 6432 
FACTORIES 

Great Yarmouth and Tunbridge 


Wells, England: Trenton, Ont., 
Canada: Erie, Pa., Holly Springs, 
Miss., and Hawthorne, Cal., U.S.A. 


CAPACITANCE : 1,000pF. 


WORKING VOLTS : 350 d.c. 
FLASH TEST VOLTS : 1,050 d.c. 





tRegistered Trode Marks 


Photograph of miniature by courtesy of Victoria & Albert Museum 
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6 INTERNATIONAL 
hinSTRUMENT SHOW 


The 1961 INTERNATIONAL INSTRUMENT SHOW 
JUNE 19TH to JUNE 23RD—sponsored by B. & K. 
LABORATORIES LTD. will be larger and more varied than 
ever. Over 50 manufacturers representing 10 countries will be 
exhibiting the worlds most advanced instrumentation. Be 
sure of your FREE tickets by completing the coupon on this 
page and returning to B. & K. Laboratories Ltd. or 

“phone GROsvenor 4567 NOW! 
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COUPON: to B. & K. LABORATORIES LTD. 
4 TILNEY STREET, PARK LANE, W.1. 


Please send me Complimentary ticket(s) 
for the 6th International Instrument Show. 
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